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PREFACE 
The objectives of the present study are to assess 
the levels of agricultural productivity and to examine the 
factors responsible for variations in BundelKhdnd and to 
suggest means and ways for achieving optimal production/ 
productivity from the land. The environmental conditions 
are quite different as compared to other regions of Uttar 
Pradesh. The agricultural reforms sind application of 
technology have played a dominant role with the advent of 
new agricultural strategy under the frame of Uttar Pradesh 
to enable the regions in increasing agricultural production. 
But the levels of development and adoption of modern 
technology and agricultural reforms still remain, specially 
uneven and this phenomena is also visible in the Bundelichand 
region. 
The present woric is an attempt to highlight the 
regional disparities in agricultural productivity is one of 
the important region of the state. 
The present work is divided into three parts 
consisting six chapters. Chapter I deals with the physical 
environment i.e. structure, relief, drainage, climate and 
- 1 1 -
soil of the region. Chapters II and III attempt to evaluate 
concept of agricultural productivity and methods of its 
measurement. Chapter IV deals with the computation 
methodology applied and regional patterns emerged in 
agricultural productivity. Chapter V agricultural variations 
have been examined taking into consideration certain input 
variables. This chapter divided into two major parts, 
first dealing with a theoritical form of the factors which 
directly or indirectly insignificant influence the productivity. 
Subsequently, the selected variables have been introduced, 
second dealing with the technique adopted and its statistical 
procedure involved for making correlation of productivity 
and that of ten independent variables considered in view of 
having a bearing on productivity. 
Chapter VI is devoted to conclusion and summerizes 
the findings and other siiggestions for increasing agricultural 
productivity in the region. 
(Aqeel Ahmad Khan) 
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INTROUUCriON 
vn 
Increasing the agricultural productivity is one 
of the foremost task in different regions of India. India's 
food production can be increased only by raising the 
productivity of the land, which provides the most ready 
r 
means of achieving the immediate increases yields to' keep 
pace with food demand. The regions having the medium and 
.low productivity pose the biggest challenge for the 
balanced agricultural growth. 
The concept of productivity is a relative term 
and cannot be universally applicable. The measurement of 
agricultural productivity is more complicated than in 
industry and poses many problems of concept, definition 
and measurement. Sometimes it is treated to be synonyms 
of efficiency as overall effectiveness of a productive 
unit, while in others it a ratio of output to resources 
expended. Some have viewed productivity as the overall 
effectiveness of a productivity unit, be it a plant, farm 
or company, while some have confined the use of term 
productivity to devote the ratio of output to the 
corresponding input of labour., But however, all these 
apparently conflicting and different interpretations have 
one common characteristic i.e., somesone,s ability to 
produce more economically and efficiently. Therefore, 
agricultural productivity as defined is the ratio of output 
vni 
to the input in relation to land, labour, capital and 
overall resources employed in agriculture. But there are 
tApifo basic problems to measure agricultural productivity. 
Firstly, what should be the unit and nature of measurement 
of output. Secondly, output should be measured in relation 
to what? 
Although various units have been used to measure 
the output, the simplest and widely used is to measure it 
in terras of weight which is possible Only when there is 
a single commodity otherwise it will create problem to 
aggregate different agricultural products. While foodgrain 
could be added, fruit vegetables, sugarcane, fibre crops, 
tea, etc. cannot be so added. Even among foodgrains there 
is difference and all cannot be treated at per with one 
another. Therefore, Buck (1937) tried to solve this 
problem by converting all the food gains in unit of grain 
equivalance in relation to a staple food. But while all 
the foodgrains can be added after being converted into 
grain-equivalant, other edibles like oilseeds, tea, coffee, 
fruits, vegetables, etc, cannot be added so. Hence, the 
concept of calories as unit of measurement of agricultural 
productivity is introduced in which all the edibles are 
converted into calories (Stamp, 1950). Consequent ^^^ 
IX 
concept of Standard Nutrition Unit (SNU) was given by 
Stamp and later it was applied and tested by several 
scholars, (Shafi 1967, 1972, and Chakravarty 1970). But 
this does not help to solve the problem of the 
t 
agricultural sector because agricultural products like 
jute, cotton, opium etc. cannot be converted into calories. 
Therefore, the only alternative is to price the commodity, 
either the prevailing wholesale prices be taken to value 
the production or the same may be worked out on farm harvest 
prices of the commodity; each has a definit significance 
and relevance. 
The second major problem in the measurement of 
agricultural productivity is with land, labour and capital 
effectiveness and overall resources employed in agriculture. 
However, if productivity is to be measured taking into 
consideration per unit of land, the problem which category 
of land should be considered the net sown area, gross cropped 
area, planted area or harvested area; intensity of cropping, 
irrigated and unirrigated area. Quality of land shouiu also 
be taken into account while calculating and comparing the 
productivity of different regions or not. Although various 
attempts have been made while taking into account different 
bases, they lack in one aspect or the other and are not 
compairable and cannot be treated as perfect. Hence, it 
is necessary to evolve the concept of a standard hectare 
which takes into account all these various factors. 
The measurement of productivity in relation to 
labour and consequent upon population density is also 
complicated. Generally it is expressed as the ratio of 
output to labour input needed to produce that output. But 
there is a serious problem of working out the amount of 
work and of labour employed especially in a 'subsistence 
agricultural systems. More ever, the quality of labour 
(skilled or unskilled) and the level of mechanisation also 
poses several problems of comparability. However, according 
to the purpose of study and the data available, the labour 
input may be expressed as the total number in labour force 
or as the number of man-hours worked in agriculture in order 
to as certain the intensity of labour. 
The capital poses the conceptual problem in 
measuring its productivity. As regards the fixed capital, 
annual output due to compensation for the use of capital 
stock is of relatively minor importance compared with other 
major inputs groups, i.e. land, labour and working capital. 
Hence working capital is most important part of capital in 
XI 
determining the productivity of traditional agricultur. 
Agricultural productivity can also be measured by accounting 
the overall resources used in agriculture. In sucn cases all 
inputs including labour, land, building, machinery, fertilizer, 
seeds etc. are aggregated and compared with gross output 
of the whole sector. 
However, whatever unit and component is taken for 
measurement of agricultural productivity, the common 
conclusion is that there is considerable spatio-temporal 
variation in it because crop productivity is the function of 
various factors including the physical (relief, climate and 
soil fertility, and certain others), socio-economic 
(size of operational holding, tenancy system, occupational 
structure of the population, type of farming), and management 
and available technology (crop rotation, irrigation, use of 
mannures and fertilizers and mechanization). All these 
factors vary and are highly dynamic in nature. The physical 
factors are comparatively static in nature and play very 
important role. It is more so, that in many areas of 
developing countries mechanization of agriculture has not 
been on a measurable extent. 
The present study is an attempt to measure the 
productivity of agriculture taking into consideration the 
XII 
selected crops of Bundelkhand Region of Uttar Pradesh. The 
Bundelkhand lies between 24°11• to 26°27'N latitudes and 
76 10' to 81 34'E longitudes and consists of five administrative 
districts of namely, Lalitpur, Hamirpur, Jhansi) Jalaun and 
r 
Banda which together from the Jhansi Division of Uttar Pradesh. 
Each district further subdivided into a number of Tahsil and 
the tahsil is further divisible into a number of Development 
Blocks. The region streches over an area of 19|264 sq. km 
to include forty seven development blocks. According to 
1981 Census the region comprised a population of 5.43 million 
persons with an average density of 185 persons per sq. kn. 
Though politically Bundelkhand forms a part of Uttar Pradesh, 
but physically it resembles with the areas of northern 
Kadhya Pradesh. The northern boundary is formed by the river 
Yamuna which follows a south-easterly direction, to the south 
and west the boundary is provencial between Uttar Pradesn 
and Madhya Pradesh. * Geologically Bundelkhand forms part of 
hadhya Pradesh as well as of Uttar Pradesn. 
In Bundelkhand the cultivation is traditional. 
The farmers lack in knowledge about proper soil and water 
conservation, and land management practices are inefficient. 
Low yielo in crops results in.agricultural backwaraness, it 
leads to poor investment in infrastructure and poor investment 
results in low returns. There is little capital formation 
XIII 
in respect of land management, poor irrigation facilities, 
absence of farm building, agricultural machinery and 
equipment,warehouses and market-yards, all affect adversely 
the farmers' income. 
For reducing the regional variations maximizing 
the productivity per unit area and per unit of labour, it 
woula be of great importance, if the region is divided into 
4 
agricultural efficiency regions. 
There are various methods by which agricultural 
efficiency can be evaluated and be computing productivity 
indices, the region can be divided into the areas characterised 
with high, medium and low productivity. The study i£ 
confined to examine the variations in agricultural 
efficiency by selecting a number of crops grown in the 
region. Further it attempt to examine the factor's 
responsible leading to variations in the productivity levels 
in Bundelkhand. Such analysis reveals as to which factor 
or factors, and to what magnitude are responsible. In. fact 
each area characterised with backward represents a unique 
combination of problems. Therefore, it is not possible 
a uniform policy for it development. In order to uccelurate 
development, an appropriate location specific strategy 
based on the causes of backwardness has to be formulated. 
XIV 
The backward areas lack in adequate infrastructure. In 
the absence of requisite infrastructures, programmes of 
development do not yield satisfactory results. It is 
therefore of the highest importance-that infrastructure 
development and developmental programmes should go hand in 
hand. The planning for better irrigation facilities, a 
communication network, food storage facilities, marketing 
and socio-economic changes are required at macro and micro 
levels in different parts of the region which can surely 
improve the productivity. 
These were the considerations wnich led to 
determine food crop productivity (taking Development Block 
as the unit area of stucy) ana considering all the food 
crops grown in the region. 
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PART I 
CHAPTER I 
PHYSICAL ENVIRONMENT - BUNDELKHAND 
REGION 
1 
STRUCTURE 
Structurally the Bundelkhand consists of the 
ancient rocks of the stable massif of the peninsula as well 
as the recent alluvial deposits of the Indo-Gangetic plain 
The tectonic movements have resulted in many geological 
formations, but the Bundelkhand gneiss, Vindhyans and recent 
alluvium are dominant than other formations. The geological 
structure in Bundelkhand can be grouped as follows (Fig.3). 
(i) Bundelkhand Gneiss 
(ii) Bijawara Series 
(lii) Vindhyan Series 
(a) Semri Series - lower vindhyan 
(b) Kymore Series) 
) upper vindhyan 
(c) Rewa Series ) 
(iv) Deccan Trap 
(v) Recent and Sub-recent Alluvium. 
(i) Bundelkhand Gneiss 
The Gneiss of Bundelkhand belongs to the archcan 
system, it is represented by a 'massif Bundelkhand' which 
is mainly composed of crystalline igneous and metamorphic 
rocks and covers a major portion of Bundelkhand and also 
extends into the parts of Madhya Pradesh. Altogether it 
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forms a semi-circular mass which extends district Banda 
in the east to Gwallor hills of Madhya Pradesh in the west. 
Its main depositions by about 48 km north of Sangor along 
2 
the Dhasan river. In its totality it covers an area of 
322 km east to west and 193 km from north to south. In 
Bundelkhand region it covers a major portions of Jhansi 
and Lalitpur districts; southern parts of Hamirpur district 
and occurs in scattered form in Banda district (Fig.3). In 
the south, Bundelkhand gneiss is surrounded by the sedimentry 
rocks of vindhyan system whereas, in the north, the 
granite surface gradually sinks beneath the Gangetic 
alluvium. 
Bundelkhand gneiss is medium to course-grained, 
pink coloured and massive in character with rare or obscure 
foliations. Its most out standing character in the intension 
of great quartz veins which run across the area for 
4 kilometers. 
(ii) Bi.iawara Series 
The rocks of Bijawara Series are quartzites and 
sand stones which rest horizontally or with a slight dip 
5 
upon the denuded surface of granite. Its original area of 
extension is largely covered by newer deposits of the 
lower vindhyans (Semrles), upper vindhyans and the Deccan 
4 
Trap. In Bundelkhand out crops only in a small strip to 
the south of Madaura where it extends for about 
27 km westwards from the river Dhasan. It is clear from 
the bright red pebbles of Vindhyans that the rocks of 
Bijawara series were denuded and produced large amounts of 
5 
material for the formation of Yindhyan conglomerates. 
(iii) Vindhyan System 
The Vindhyan system forms a girdle around 
Bundelkhand granites in a semi-circular fashion except in 
the north. In the region, the Vindhyan system forms a series 
of posaing escarpments of massive sand stone and lime stone. 
As a result of isolatic adjustment in the southern part, 
massive escarpments of the Vindhyan sediments rose up to 
some what in a isolate country from the south and southwest. 
In Bundelkhand, chiefly the lower Vindhyans are found in the 
form of Bhander, Rewa and Kaimur series and while shales 
are best developed in the centre, sand stones are exposed 
along the borders. In the northwest and northeast the 
system is covered by Ganga-Yamuna alluvium and in the south-
west by the Deccan Trap. Upper Vindhyans were profusely 
7 
intended by lava dykes and sill. 
5 
(iv) The Deccan Trap 
Structure of Deccan trap is a representative of 
the period of-great volcanic activity, its extent is mainly 
in a small portion of south-western Bundelkhand ,and also 
covers the areas south of river Sonrai in Lalitpur district. 
Fe-w beds also extends on to the gneiss further north. Deccan 
Trap occurs scattered all over southern Bundelkhand in the 
8 
shape of laterite nodules of various sizes. 
(v) Recent and Sub-recent A.lluvium 
This group includes the latest formations of 
geological history i.e., the deposition of alluvium and the 
formation of kankar nodules. The alluvium covers the whole 
of northern Bundelkhand and forms southern most extension 
of the great Indo-Gangetic alluvium. The alluvium in 
Bundelkhand is, however, not similar in character throughout 
its entire extent. 
Total thickness of the alluvium in Bundelkhand, 
on the basis of geodetic data had been ascertained that the 
floor of the Gangetic alluvium has a regular upward slope 
9 
towards its southern edge. Bundelkhand alluvium thus shares 
the thickness of Gangetic alluvium in its northern part, 
whereas in the south it gradually losses thickness and later 
on gives way to typical outercrops of Bundelkhand. Gneiss 
which emerges out of the plains In the form of numerlous 
gnelssose hills. 
The alluvial deposits of Bundelkhand may be 
divided into old alluvium commonly known as bapgar, and 
new alluvium known as khadar, Bangar alluvium occupies 
higher ground and lies sufficiently above the flood level 
of the rivers, whereas khadar alluvium is situated at a 
lower level and is liable to inundation during the rains.-.. 
Other geological formations of recent and 
sub-recent times, besides alluvium, are the calcareous 
concretious which are found inter-spersed with bangar 
alluvium in the form of kankar nodules. These kankar 
nodules have been deposited from water containing a solution 
of carbonate of lime derived from the older rocks of 
various kinds or else from fregments of limestone contained 
in the alluvium. 
RELIEF 
The relief of Bundelkhand also varies like a 
structure, the southern part of Bundelkhand is mainly formed 
by crystalline and sand stone rocks, where as the northern 
portion, being part of old Deccan massif, is dominated by 
7 
senile topography where escarpments gorges, reefs and 
numerous flat-topped rounded hills with almost a roches 
mountanuous* effect constitute the main relief features. 
Nevertheless it shows youthful, or rather rejuvenated land 
forms as' evidenced by numerous rapids, cascades' and a 
dentrltic type of drainage. Alluvial plains in the north, 
on the other hand, show monotonous aggraditional surface 
relieved of their monotony only by the extensive ravines 
eroded along the banks of streams. 
Structure has thus played a great part in the 
formation of relief features of Bundelkhand. Moat important 
among the relief features are the escarpments which one their 
origin to the types of rocks and the inclination of the beds. 
They are mainly developed where the lower portion is 
occupied by shale and the upper portion consists of sandstone. 
Sandstone is more resistant to erosion that shale and makes 
a big escarpment when the shale eroded. Relative steepness 
of cliff and under cliff depends upon the ratio of shale 
and sandstone. In the absence of sandstone the slope is 
uniform from top to bottom whereas, when it is made up of 
sandstone, the scarp shows a bold precipice. There are three 
* Spate, O.H.K,, India and Pakistan, 
London, .1960, p.627. 
8 
well developed escarpments in Bundelkhand but none of then 
is continuous throughout its entire length. The northern 
escarpment of the great Vidhyan table land, situated in the 
south-western part of Bundelkhand, forms a vertical precipice 
of sandstone for about 31 metres over the plains of the 
north. It runs from south-east to north-west but the line 
of escarpment is not continuous throughout. At few places 
like Dhaura, Narhat and Madanpur the plain of the north 
slopes gently upwards to Vindhyan plateau and there is no 
Few 
abrupt excarpment. / kilometres to the south of this escarpment, 
the plateau is succeeded by another irregular scarp which 
inturn is followed by broad terraces. 
In the southeastern part of Bundelkhand there are 
two escarpments made up by the Bindhachal Range and the Panna 
Range running from east to west. These escarpments are not 
so steep as the aforementioned seap of the south-western 
portion of Bundelkhand, Instead there is a short but steep 
slope of boulders which later on give place to sandstone 
escarpments 
Gorges and quartzreefs from the other important 
relief features of southern Bundelkhand occupied by older 
* Drake Brockman, D.L., District Gazetteer Banda. 
Vol.21, Allahabad, 1929, p.3. 
9 
rocks. Gorges made up of by the rivers Betva, Ken and 
Poiauni are specially notable. River Betwa flows in a narrow 
gorge made up of sandstone rocks at a place where it leaves 
the Vlndhyan hills. River Ken, after flowing over 
Vindhyan plateau, suddenly drops down to over a 30 metres 
into gorge which has been earned out by its own water in 
the solid erystalline rocks. River Paisuni has aaade a narrow 
but deep gorge in the sandstone rocks near the village 
Mangawaii. The sides of these gorges are like clear out 
steep excarpments. Quartz reef running in wall like ridges 
are the conspicuous features of the granite area. As the 
reefs are Eainly composed of quartz, they have with stood 
denudation for more successfully than the ordinary granites 
and have consequently maintained the higher elevation than 
the granite surface at their base. 
The elevation of Bundelkhand ranges from about 
125 metres to about 600 metres. Spot heights and the 
general relief of Bundelkhand is shown in Fig.4. On the 
basis of relative elevation Bundelkhand can be divided 
into two distinct regions (i) Upper Bundelkhand and 
(ii) Lower Bundelkhand. 
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(i) Upper Bundelkhand 
The Upper Bundelkhand is a well-marked upland 
being conspicuously different from the lower Bundelkhand 
both in respect of elevation and varied relief features, 
Scarps, Gorges, rapids and falls are the prominent relief 
features of the southern upland while numerious hills, flat 
topped and rounded, make the main relief features of the 
northern portion of the area. Besides these the upland 
is more or less an undulating plain. 
In the extreme south of the upland, Vindhyan ranges 
and their outliers extend roughly in an east to west 
direction. In the south-western portion, the Vindhyan 
range extends from south-eastern corner near Kurrat north-
westward to Jakhiaun. South of the Vindhyan range the 
average elevation of the plateau is 500 meters above the 
sea level. In the eastern side of this range, Lakhanjir 
hill has a recorded height of 620 met^s, the highest in 
Bundelkhand. In the western portion and south of the 
Vindhyan escarpment the level falls gradually and then rises 
abrouptly at a second escarpment; the level once more falls 
towards south but later on a rocky slope leads upward to 
a fairly level plain around the village of Balabahat. The 
plateau on the whole is much dissected especially in the 
southwest, and is travered by rivers with their wide valleys. 
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North of the Vindhyan range the average elevation 
suddenly falls to 426 metres and about 3 1cm north of Madaura 
rarely exceeds 400 metreso The rocky slope of this area 
immediately gives place northward to a fairly rolling plain 
having an average elevation of about 345 metres. ' Further 
north the area passes into a land of much diversified relief 
with an average elevation of about 275 metres. The recorded 
height on the road from Lalitpur to Banpur is 344 metres and 
the level falls to 306 metres northward near Talbahat. To 
the north of the river Betwa the slope runs from southrwest to 
north-east, Babina railway station has a recorded height 
of 120 metres and Jhansi of 260 metres. 
The south-eastern portion of the upper Bundelkhand 
has an average elevation of about 300 metres above the sea 
level and is traversed by the two mountain ranges which run 
from east to west. The range is lower in the eastern corner 
from where the height gradually increases westward but the 
elevation now where exceeds 150 metres above the general 
level of the plain to the north. The other Panna range forms 
the southern boundary of Bundelkhand in tahsil Karwi and 
runs from east to west. The range is about 152 metres high 
above the general level of the plateau that lies in between 
the two ranges. 
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(ii) Lower Bundelkhand 
The lower Bunde lit hand is more or less a level plain 
and the only relief features are ravines that have been 
eroded along the bank of streams. Ravines are more extensive in 
parts of the districts of Jalaun, Jhansi and Haairpur along 
the rivers Yamuna, Kunchmalanga- Non, Betwa, Dhasan and 
Birma. At few places they extend to as far as 5 or 7 km on 
both sides of main river. 
In the extreme south of the plain there are numerous 
out crops of granite hills that cluster into prominent groups 
in the southern portion of Hamirpur district. Proceeding 
northward the hills gradually become rare, and finally 
disappear near the town of Rath, In the south-eastern corner 
of the plain the hills are few and lie scattered along the 
line of Junction with upper Bundelkhand. Quartz reefs are 
the other prominent features in the south-western part of 
the plain. 
The average elevation of the lower Bundelkhand 
varies from about 213 metres in the south to about 120 metres 
in the north. The eastern portion of the low-land is low-
lying as compared with the western portion. However the 
general slope of the plain is from south-west to north-east. 
In the western part of the plain the level at Mau-Ranipur is 
213 metres and about 40 km to the north-east at Gavantha 
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it is 177 metres. Further north-eastward the level at Gohand 
is 149 metres and at Kurara in the tract between the Yamuna 
and Betwa it is 125 metres. In the middle of plain the level 
at Mahoba is 213 metres which falls north-eastward to 124 
metres at Ikauna railway station and to 111 metres at 
Pailani. Similarly in the eastern portion of the plain the 
slope decreases from south-west to northeast being 130 metres 
at Karwi and 104 metres at Rajapur. 
DRAINAGE 
The rivers and the streams constitute the main lines 
of drainage in Bundelkhand. They generally originate in 
upper Bundelkhand in the southern part, and drain towards the 
Yamuna in the north. The minor streams are seasonal in 
character and very frequently swell to a considerable size 
during the rainy seasons, with a discharge of several hundred 
cubic metre per second, but during the hot season they shrink 
into a series of disconnected pools or completely dryup. In 
their upper courses they have numerious tentacles and present 
a dendritic pattern of drainage. With a large number of 
subsequent streams they command a wide catchment area. 
The general character of the drainage in Bundelkhand 
shows a pronounced conformity with the structure and relief of 
the area. The rivers and minor streams of upper Bundelkhand 
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flow over a rocky bed and their courses, therefore, for the 
most part are straight. But after entering lower Bundelkhand 
they flow over alluvial plain and consequently form many loops 
and bends in their courses. The general slope of the land 
(with the exception of southern Vindhyan upland), is neither 
steep nor abrupt. Nevertheless, the upper Bundelkhand the 
gradient is sufficient to produce rapid current of the stream 
which results in cutting a deep channel with high steep banks. 
In the lower Bundelkhand, however, the gradient is gentle 
and the sluggish streams do not cut deep beds but occasionally 
deposit fine alluvium along their banks. 
The important rivers commanding the drainage system 
of Bundelkhand are: the Pahuj, the Kunchmalanga and the Non, 
Betwa and its tributaries, the Chandrawal, the Usra and the 
Garara, the Baghain, the Paisum, the Ohan and the Ukmeh. 
All the rivers except Ukmeh are the tributaries of the 
Yamuna (fig.5). 
The Yamuna 
The Yamuna river flow in a south-easterly direction 
and makes the northern boundary of the Bundelkhand. On the 
right hand the bank of the river is high and steep as compared 
with the shelving left hand bank. Owing to the precipitous 
nature of the right bank area there occur few stretches of 
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alluvial soil in Bundelkhand territory while on the left 
bank, on the northern side, they are wide. 
The total length of the river Yamuna in Bundelkhand 
is about 408 km. But from end to end, excluding its curves, 
the distance is only about 265 km. Its breadth varies 
according to season. In Jalaun district, where it flows for 
the most part between lofty bank, its breadth varies from 
about 182 metres in hot weather season to about 457 metres 
in the season of rains. Here the river is a bout 6 metres 
deep in the middle of its channel, but the depth is highly 
variable owing to the shifting sand banks. The bed of the 
river between Misripur and Jamrehi Tir, in Hamirpur district, 
is occupied by wide stretches of sand which submerge during 
the rainy season when the river assumes a breadth of less 
than one km. But in the hot weather months the river 
shrinks into a small channel and the sandy deposits are 
seen stretching for long distances. In Banda district its 
breadth varies between 90 and 914 metres.^ 
The Pahu.1 
About half of the western boundary of Bundelkhand 
follows the courses of river Pahuj. This river flows in an 
uneven country with a rocky or sandy bed. In Jhansi district 
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its bed is not so deep as in Jalaun district where it has 
cut out a deep channel. During rainy season it carries a 
large volume of water and becomes impossible. 
Flowing for the most part in a concave^tortuous curve 
it joins Sind river about 6 km to the west of Jagamanpur. 
The Sind traverses about 1 4 km of Bundelkhand 
territory and acts as an outlet to the Pahuj. River Sind 
joins the Yamuna about 3 km north of Jagamanpur. 
The Kunchmalanga and the Non 
The Kunchmalanga and the Non rivers are deep 
bedded seasonal streams and take to flow only during the 
rainy season.When they are swollen with water they scour out 
their erasive power increases while approaching the main 
river and they have, therefore, cut deep ravines and caused 
much erosion near the Yamuna. Both the rivers unite at the 
village Mahewa and flowing north eastward to join the 
Yamuna after erossing a distance of about 11 km. 
The Betwa 
Betwa is the second largest river of Bundelkhand 
and occupies a position next to the Yamuna. Its total length 
of the Betwa in Bundelkhand, (including all the curves) is 
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about 263 km. Originating in the state ol Madhya Pradesh 
it enters the Bundelkhand from the south-western corner of 
Lalitpur tahsil and making a common boundary v*ith Madhya 
Pradesh it flows northwards for about 48 km near the village 
Basma it turns northeastward, leaving the Bundelk'hand at Lahar 
village and it re-enters the region at the village Bangawan. 
After passing through the town of Erachh it takes turn 
abruptly to the east and forms the boundary between Jhansi 
and Jalaun districts. From its Junction with the river 
Dhansi. At Parsani it turns north-east and then taking a 
south-easterly bend it Joins finally with the Yammuna at 
10 km away from district headquarter of Hamirpur, 
The river Betwa flows with a rapid current during 
the rains when the depth in Jhansi district often increases to 
14 12 metres. The water discharge at Hamirpur during rainy 
season has been estimated at 6,6l4 cubic metre per second and 
in periods of extra ordinary floods it reaches upto 19,842 
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cubic metres per second. But during the hot weather season 
the river subsides to a narrow and generally shallow stream 
with an infinitesimal discharge of water. 
The Ken 
River Ken is the third largest river next to the 
Yamuna and the Betwa in Bundelkhand. It enters in the region 
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at the village Belharka in Banda district and making the 
district boundary'with Hamirpur it flows in a north-easterly 
direction. About 5 km west of.Naraini town it turns north 
westward to Sihonda from where it occupies a northern course, 
r 
The Usra and Garara are two perennial streams of 
the river Ken which Join together before draining ' into the 
Yamuna. Usra rises 10 km south of Banda town and flowing 
northwards makes a curve north of Tindwari and then Joins 
Garara at the village of Jalalpur, 
The BaMhain. Paisuni and Ohan 
These are the chief rivers of eastern Bundelkhand. 
Besides these and their tributaries some small nalas also form 
perennial means of drainage in eastern part of the region, 
but among them only the Ganta is important. The Baghain 
rises in a hill in Madhya Pradesh territory and enters in the 
Bundelkhand at the village Masauni in tahsil Naraini. Upto 
Godha Kalan it flows in northward direction and later on it 
turns to the north-east and Joins the Yamuna at the village 
Bilas. 
CLIMATE 
Bundelkhand experiences tropical monsoon climate 
which is influenced by the two air currents of northeast and 
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southwest monsoons. The pressure reversal takes place 
twice in the year. During the north-east monsoon the wind 
blows generally from west to east, and being continental in 
origin, is mostly dry; while during the south-west monsoon 
the wind blows mostly from east to west and southwest to 
northeast, and being oceanic in origin, is excessively 
moisture laiden. The pressure gradient during the dry north 
east monsoon is quite low and the winds are, therefore, weak 
while during the .wet south-west monsoon the Intensive heating 
of morthwest India produces steep gradients owing to which 
the winds are quite strong. 
The seasonal rhythm of monsoon reversal is well 
marked and, if there is or slight variation in it leads to 
great influence on the agricultural operations in the region. 
The two agricultural seasons of kharif and rabi closely 
follow the wet. and dry monsoons. Dry north-east monsoon 
season extends from November to the middle of June, but as 
the first three months have low temperature and the last 
three months have high temperature, it is divided into a 
'cold weather season' and a 'hot weather season'. The cold 
weather season corresponds with the season of rabi crops 
while the hot weather season is completely dry to permit 
any cultivation except the zaid crops which are grown with 
the help of irrigation. The wet south-west monsoon includes 
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the remaining months of the year i.e. from mid-June to 
October which correspond with the crops of kharif season. 
Thus the three separate seasons of the year* in Bundelkhand are: 
1. The Cold Weather Season (November to February) 
2. The Hot Weather Season (March to mid-June) 
3. The Seaaon of Rains (mid-June to October)** 
The Cold Weather Season (November to February) 
During the cold weather season an axis of high 
pressure extends irregularly from north-western India down the 
Indus and Ganga Valley passing through the Bundelkhand 
following the direction from north-west to south-east. 
Pressure gradient are not steep to produce strong winds and 
the breezes are very light with a velocity in November and 
December of only 1,1k km per hour. But with the increase 
of pressure in the months of January and February the gradient 
becomes little steep and the velocity increases to 4,02 km 
per hours. 
* The'three common classification of three season, 
corresponding with the three agricultural seasons 
of the year. 
** October is aa intermediate month when the wet 
southr-west monsoon comes to an end and, later on, 
the breezes of dry north-east monsoon set in this 
month receives practically €io rainfall but, as it 
is included in the kharif season, which largely 
corresponds with the season of rains. 
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The mean monthly temperature in November at 
Jhansi, Oral (Jalaun), Banda, Hamirpur and Lalitpur remains 
CO 
21.11, 20.55, 21.11, 20.00 and 19.44/respectively. During 
the night there is rapid radiation, with the result the 
days are warm and the nights are cool. The mean monthly 
maximum temperature during this month at Jhansi, Oral and 
Banda 33.33, 28.88 and 29.44C° respectively, while the mean 
minimum temperature at the same stations recorded as 5.55, 
8,33, 9.44 respectively. 
The cold weather season is almost rainless except 
for occasional late monsoon storms which pass over the area 
and bring some rain. However, the western disturbances, to 
some extent, modify the calm and clear weather of the season 
and bring moderate rainfall to the whole of Bundelkhand. 
The main fall is associated with the depressions that 
originate in the Mediterranean or as for distant as the 
Atlantic and pass over the area with their usually warm and 
cold fronts. The rainfall from these disturbances does not 
last for more than one or two days after which there is a 
rise of temperature followed by a marked decrease in 
temperature, LXDW temperature after the passage of depression 
causes barometric rise and results in clear skies. The 
average ra.infall from November to February does not exceed 
5 cm at any place over the whole of Bundelkhand. 
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The Hot Weather Season (March to mid-June) 
From the beginning of March the temperature rises 
rapidly and there is a continuous fall of pressure. The 
pressure in upper Bundelkhand, owing to its increased elevation 
is, however considerably lower than that of the lower 
Bundelkhand. Upper Bundelkhand is warmer in the day and 
cooler in the night than the lower Bundelkhand. 
The mean temperature in the month of March is 
almost uniform throughout the area, the mean maximum 
temperature in upper Bundelkhand is high while it is relatively 
low in lower Bundelkhand. The mean minimum temperature is 
relatively lower in the upper Bundelkhand than the lower 
Bundelkhand. 
The mean maximum and minimum temperature at Jhansi 
is 39.44c and 12,22C respectively while at Oral it is 
33.33 and 16.66 C° and at Banda 33.88 and 17.22 C° 
respectively. The days are thus warm and the nights cool 
and pleasant in lower Bundelkhand; while the days are much 
warmer and the nights cooler in the upper Bundelkhand. In 
the last week of March and the beginning of April have high 
temperature, clear skies and low humidity which are highly 
beneficial to the ripening and harvesting of rabi crops. 
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The highest temperature of the year is recorded in the month 
of May, when the mean maximum temperature at Jhansi is 
45.55 C° and at Banda and Orai is 42.77°C. The mean minimum 
temperature is also high being 23.33°C at Jhansi 31.66°C at 
t 
Orai and 27.77°C at Banda. The sun at this time is almost 
vertically over head, the air is completely dry and hot and 
the land surface lies parched and bare of verdure under a 
17 torrid sun.' However, the indensive heat is rather bearable 
owing to the absence of moisture from the air. June is as 
hot as May but in the last quarter of the month the 
temperature becomes sufficiently low on account of the on set 
of southwest monsoon. 
The winds during the hot weather season are extremely 
dry, the humidity being as low in April. The air movement 
hss usually little or no apparent relation to the pressure 
gradient but is obviously connected with change of temperature. 
With the increasing temperature in the months of April, May 
and June the velocity of the wind regularly increases from 
5 km per hour in the month of March to 8 km per hour in the 
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month of June. 
The hot westerly winds locally known as 'loo' are 
very tyring in the mid-day and blow with great velocity often 
rising to 77 or 102 km per hours. The atmosphere is generally 
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free from dust storms as mar and kabar soils do not provide 
much dust. In the absence of dust particles, the heat 
becomes more scorching and the lack of trees in black soil 
plains and the absence of vegetation throughout the area 
r 
intensifies the dazzling blaze. The exposure to hot and 
dry 'loo' during the mid-day scorching sun is often fatal 
and the deaths due to It is moat common in the lower 
Bundelkhand. 
The rainfall of the hot weather season is associated 
with the storms that often form violent squalls during the 
day. The squalls are formed owing to the convectional over 
turning of dry, cool north-westerly wind blowing at some 
little height above the surface of the earth and the hot, 
moist wind from the sea blowing at ground level underneath 
19 the dry and cool wind."^  These squalls are found formed by the 
excessive heat of the day but the down ward moving cool air 
of the upper strata causes sufficient cooling of the air before 
the approach of the squalls. These squalls are accompanied 
with condensation in the upper air but there is rarely 
any rain as, owing to excessive heat in lower layer, it is 
again evaporated before reaching the ground or is soon 
evaporated after its fall. The total rainfall from these 
squalls during the three months of March, April and May 
ranges only from 10.66 mm to 23.87 mm. The rainfall of this 
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season provides a little relief from the appressive heat 
of the day but the violent winds of the squalls, brings about 
considerable damage to mangoes on the trees. 
The Season of Rains (aid-June to October) 
By the first weak of June the conditions of hot 
weather season are nore intensified and the heat and dryness 
of the air becomes unbearable. The low pressure developed 
over the Indo-Gangetic plain runs south of the Ganga towards 
Orissa. As Bundelkhand forms part of this monsoon trough 
of low pressure, the rain bearing winds of south-west monsoon 
originated in the Indian Ocean 'burst' into rain at the 
middle or by the end of June. The Arabian sea and the Bay 
of Bengal currents of the south-west monsoon have the converge 
here but the area is often included in the sweep of one or 
the other current The Arabian sea current has the greatest 
21 
influence on the Bundelkhand region. 
With the burst of monsoon the temperature 
considerably comes down and a fall in temperature upto 6 C 
to 8 C gives relief to the people after the three months 
prolonged heat and dryness. 
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A comparison of 'average rainfall (June-October) 
and average annual rainfall* shows that more than 95 per cent 
of the annual rainfall is received during the rainy season. 
Since the area lies at the Junction of the two branches of 
the south-west monsoon, the rainfall is copious.' It will 
be seen from Fig.6 that the amount of rainfall generally 
decreases from south-west to north-east, and also from east 
to west according to the respective influence of the two 
currents of the monsoon. The rainfall received from the west 
or south-west winds (blowing from the Narmada Valley towards 
the Ganga Valley), decreases with the increasing distance 
from the sea and owing to the declining slope of the ground 
which causes a descending flow of the air thus favouring 
22 dynamic heating and low relative humidity. The rainfall is 
thus heavy in south-western portions of Bundelkhand but 
decreases as one goes to the north eastern side while crossing 
the upper Bundelkhand it is quite low in the lower Bundelkhand. 
The amount of rain received from the easterly winds of the 
Bay of Bengal current decreases in the lower Bundelkhand from 
east to west with the increasing distance from the Bay. 
It will also be seen from the Fig.7 that the amount of rain 
is higher in the upper Bundelkhand than in the lower 
Bundelkhand, The area of minimum rainfall lies in the north-
western part of Bundelkhand which is located at the exit 
30 
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of both the branches of monsoon, rendered sufficiently dry-
in their later course, 
Oving to the meeting of the Arabian Sea and the 
Bay of Bengal currents the area contains excess-ively unstable 
air and the low pressure trough forms an avenue for the 
depressions forming in the Bay and bringing very heavy falls 
to the area. The distribution of rain is associated with 
the passage of depressions which give copious down-pours 
for three or four days and are then flowed by a rainy spell 
which can continue for few days. These breaks in the 
continuity of rainfall are highly beneficial to the crops 
of the kharif season. With the advent of rain there is 
general expansion of soil particles which, in the absence of 
any interstical air, render percolation of water slow, and 
under these conditions any prolongation in the brust of 
monsoon is liable to lead as physciation and permanent 
23 injury to the plants. The spells are some-times prolonged 
and the closeness of the atmosphere becomes into lerable 
owing to the large amount of water that remains accumulated 
in the black soil of the plains. A prolonged break also 
results in a decrease in the total amount of rain the 
season which adversely affected the growth of crops. 
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The high variability of rainfall, makes the 
agriculture in Bundelkhand precious. The problem becomes 
more acute in several areas where, irrigation facilities 
are laking, agriculture is exclusively dependent upon the 
monsoonal rain. 
The annual rainfall in Bundelkhand is liable to 
great variations from year to year and from place to place, 
The axis of low pressure developed during the hot weather 
months exerts considerable influence on the distribution 
of annual rainfall of Bundelkhand, It attracts the two 
currents of the south-west monsoon each of which effect 
the incidence and the yearly distribution of rainfall. The 
variations the distribution of rainfall are more acute with 
the changing position of the low pressure axis. In years 
when the low pressure axis lies slightly north of the 
northern low lands the area comes under the direct influence 
of the Arabian sea currents these follow the direction from 
south-west to north-east. By them a heavy rainfall is 
received in the upper Bundelkhand where as only smaller 
portions of the lower Bundelkhand come under these rains. 
On an average about 95 per cent of the total 
rainfall in Bundelkhand is received during the wet monsoon 
months. Agriculturally the distribution and variation of 
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rainfall in these months is quite significant owing to its 
effect on the crops grown in both kharif and rabi seasons. 
Whenever the rainfall is excessive during the month of June 
the sowing of early kharif crops is delayed leading to low 
yield of the crops. The areas of stiff black clays and 
clayey-loams become too sticky in waterlogged conditions to 
permit the growth of any crops. September is the most 
critical month for the formers as any excess or defficiency 
of rainfall in this month has largescale repurcussions on 
the crops of kharif or rabi season. Rainfall in this is 
necessary to mature kharif crops and to soften the ground 
for rabi ploughing. But heavy falls lead to waterlogged 
conditions while premature cessation of the rains may cause 
past ponement or restriction of rabi sowing. On the other 
hand if the monsoon rain comes in light but in regular 
showers and lasts till the end of September the yield of 
kharif crops in apprecially and apprarently there is a large 
extension of the area under plough for sowing rabi crops. In 
this way the agricultural operations are largely dependant 
on the rainfall of this month. The timely occurrance of 
rainfall is rather more important than the total distribution 
of rain during entire course of the year. 
34 
SOILS 
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The soils of Bundelkhand vary from disintegrated 
sand stone to loams and clays and, on the basis of available 
literature, they may be classified under the grooip of 
'immature tropical tschernozems'. All the soil show close 
relationship with the main geological formations of the 
area. Hot summers, heavy but illdistributed rainfall during 
the wet monsoon months and a varying topography of the area, 
partial and restricted drainage, have introduced certain 
modifications in geological formations in the soils of 
Bundelkhand. The chief geological formations which have 
affected the soils of Bundelkhand are the presence of Vindhyans 
and Archaean gneisses and granites. Vindhyan rocks have 
given rise to disintegrated sand stone, while Archean gneisses 
and granites are responsible for the formation of red and 
bl3ck soils under the influence of weathering and soil 
formation. 
On account of local variations each of these groups 
of soils, with the exception of disintegrated sand stone, 
27 
can be further sub-divided as follows: 
(i) Disintegrated Sand Stone 
(ii) Red Soils 
(a) Coarse-grained so i l 
(b) Loamy grey-brownish so i l 
3i 
(iii) Black Soils 
(a) Clayey loam light black soil 
(b) Clayey black soil 
(iv) Alluvial and other Ix)cal Soils 
In addition to the above mentioned soils, recent 
deposits of alluvial soil and .some other local soil also 
occupy small areas in Bundelkhand(Fig.8) . 
(i) Disintegrated Sand-stone 
In the south of Bundelkhand the soil is enumbled 
sand-stone which lies as a thin layer of few inches above 
the rocky sulestratum. The thin layer sand is devoid of 
clay particles and, therefore, is single grained. High 
porosity and the lack of moisture retaining capacity of these 
soils are particularly responsible for the absence of 
agriculture in these tracts. Nevertheless, in many low-lying 
areas, the deposition of some alluvium and the decomposition 
of vegetable matter has formed a better soil than the 
surrounding area. Such low lying valleys and also the places 
situated near the village site, where the soil is enriched 
by animal refuse and village waste, are few pockets of stable 
cultivation producing crops of both the kharif and rabi 
season. In the other places, however, the soil is mainly 
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given to a single crop of inferior millets in kharif 
season during the v/hole year. Owing to general poverty of 
the soils it is not possible to raise crops in continuance 
for many years. Instead, the fields are usually loft 
fallov/ after two or three.years to recoupe their lost 
fertility. 
(ii) Red Soils 
(a) Coarse Grained Soil (Rakar) 
Rakar soils, as it is evident from their name, 
are thickly strewn with kankar nedules and are extremely 
porous and dry soils of Bundelkhand. There are two types 
of rakar soils in Bundelkhand, the difference lies in their 
nature of formation. The first is red rakar, which is 
formed as a result of weathering of ancient crystalline 
rocks. The colour of the soil is said to be due more to 
the wide diffusion rather than to a high proportion of iron 
content, owing to its coarse grained structure the drainage 
is free, consequently, magnesia, on decomposition, is .voshod 
down to the lower layers where as iron accumulates m rne 
top layers presumably due to its lower solubility ana 
Rakar is local name, and literally 
means ' Stony' . 
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immature character. As these soils are formed under free 
and unrestricted drainage, due to high topography of the 
area where they are found, the water soluble salts are very 
low and there is gradual washing of lime to lower depths. 
The insoluble residue found is, highest in the top layer, 
being 89 per cent of the soil material, but it gradually 
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decreases to about 81 per cent towards the bottom. The soil 
is neutral in the top layer but slightly alkaline at the 
bottom; pH value of the soil ranges from 7.1 in the top 
layer to 8.1 in the bottom layer. The soil is generally 
poor in nitrogen, phosphorus and organic carbon contents. 
Coarse sand forms the major part of the soil, while clay 
and silt together constitute only about 20 to 50 per cent in 
the soil. The soils are, therefore, of course texture and 
they are less retentive of moisture. There is slignt 
eleviation of clay from the first layer which makes the 
second layer more compact. The compactness of the second 
layer helps in retaining water for a little longer time and, 
if they are frequently supplied with water, their respon'ie 
to agriculture is fairly good. In the absence of irrijaLxun, 
tney ore poorly treated where only shifting cultivation can 
be practised. The fields are cropped for three or four 
years and then are left fallow for an equal number of years 
to recouple the lost fertility. This soil ib subject to 
high erosion owing to the absence of colloioal niateric'l ^no 
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it seems possible that much improvement in its physical 
conditions may be brought about simply by checJcin^  its 
erosion. Such red rakar soils are found extensively in 
Jhansi district. Another type of coarse grained raker soil 
owes its origin to the erosive action of water which 
removes the fine clay particles and leaves a refuse soil 
heavily studded with konkar nodules. It is generally 
found at the banks of iMalas and rivers and in other elevated 
places which have been subjected to heavy erosion. Owing 
to the denudation of clay particles and other plant 
nutrients, the soil is too weak to produce any crop. It is 
hardly even given to course grains and generally remains 
uncultivated. 
(b) Loamy Grey Brownish Soil (Parua) 
TheParua in its pure form is a grey-brownish loam 
which often assumes a rcMidish tinage. In its common form 
the soil varies from a fine loam to a very sandy mixture. 
Parua variety of red soil, unlike rnkar vax'ioty 
which is developed under free drainage, is mainly formo'i in 
areas of slightly restricted drainage. fhp restrictioii of 
drainage result in tne accumulation of alkaline earth j.odals 
which increase in the lower tiorizons, pil cnaracteriscic is, 
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therefore, slightly alkaline, varying, between 7.6 and 8.8. 
Moisture content is lower in the top layers than the bottom 
layers, indicating slight eluviation of colloidal matter 
downwards. 
The soils are poor in both phosphoric acid and 
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nitrogen but are fairly rich, in potash. Organic matter and 
nitrogen, though low in the soil, are highest at the top and 
decrease downwards. It will be seen from Fig.7 with the 
exception of top layer, clay and silt generally constitute 
40 per cent of the whole soil. The texture of the soil, 
therefore, is loamy. Coarse sand content is low and fine 
sand forms bO per cent of the soil material in the top layers, 
Although this soil is not rich in organic matter, 
its good structure is responsible for the high fertility. 
Fine structure brings about good internal drainage and 
allows the water to penetrate easily in the inter-structural 
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air spaces and also provides free drainage of sui'plus water. 
Chemically these soils are poor and require heavy manuring 
if chey are required to yield well. If sufficient manures 
and facilities of irrigation are available the structure of 
soil helps in making the soil highly productivity where it 
is possible to raise easily two crops a year. 
II 
( i i i ) Black Soils 
Black soils form extensive plains of the Bundelkhand, 
where they occur only on level or gently sloping surfaces. 
The origin of black soils -was formerly attributed to the 
subaqueous disintegration of Deccan Trap but, as these soil 
are widely distributed on the low lands, it is assumed, 
that they are the products of sub-areal denudation of 
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trappean rocks. The colour of the soil, ranging from a 
deep and well-marked black to a brownish black. 
Black soils are remarkable for their high degree 
of fertility and they are generally devoted to a mixed 
crop of wheat and gram year after year without any irrigation 
or addition of manure. One of the important characteristics 
of these soils is their adhensiveness and the capacity to 
retairi moisture. During the wet monsoon months they become 
too sticky while during the hot weather months they crack 
and form big fissures. 
The black soils of Bundelkhand, are divided into 
a clayey-loam light black soil and a clayey black soil. 
(a) Clay-loam Light Black Soil (Kabar) 
The Kabar is a light black clayey soil. As it oas 
a varying proportion of sand if often attains a clayey-loam 
texture and at times hardly differs from the parua soils. 
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The moisture content in kabar soil is more or less 
uniform throughout the profile and is higher than that of 
the rakar and Parua soils. There is an accumulation of 
sequi-oxides {FepO^ and AeoO-r, oxides of iron and alumina) 
at the top layer which slightly decrease in the second 
layer and again rise in the third layer. pH value is 
neutral in the whole profile ranging from 7.1 in the top 
33 
layer to 7.5 in the bottom layer. The clay content in the 
soil is high, the clay and silt content together constitute 
about 60 per cent of the soil. The high clay content is 
responsible for its stiffness and tenacity owing to which 
it is most impracticable soil of Bundelkhand. 
(b) Clayey Black Soil (Mar) 
The mar is a rich, dark coloured and friable soil 
which can easily be differentiated from the kabar soil on 
the basis of the presence of a large number of kankar 
nudules in its texture. Har soil is generally found in 
flat low-lying tracts where it is formed under restricted 
drainage conditions. The analysis of the mar soil shows, 
that -moisture content and sesquioxides are almost uniforni 
throughout the profile. The soil is strickingly deficient 
in nitrogen content. The deficiency of nitrogen is due to 
the absence of organic matter as the areas of mar soil have 
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only a scanty vegetation. The deficiency of nitrogen is the 
most vital requirement of any soil for the growth of plant. 
Mar soil contains sufficient magnesia and potash for plant 
requirements, but it is somewhat diffident in phosphoric 
acid. Mar is a most profitable soil of Bundelkhand which 
yields as much grain as obtained from the other irrigated 
tracts without the expense of a well prepared seeded and 
irrigation. Its only drawback lies in its susceptibility 
to monsoon variations. It is quickly saturated with 
moisture and, as the soil is given only to rabi crops in 
the whole year. Mar soil is much retentive of moisture 
and, if the rains are not very defficient, wheat can be 
grown without irrigation. 
(iv) Alluvial and other Local Soils 
The presence of alluvia'^ soils in Bundelkhand 
confined only along the river beds and have originated 
entirely owirjg to the d'\Dosition of loair. accumulated duo 
Lo floods. There are two recognized vai'ietieb of alluvial 
soils, tari or tir, and kachhar. Pari includes all those 
soils which receive a new sheet of alluvium in each flood. 
Kachchar is a land lying relatively higher up tne shelving 
banks sloping down to the main streams. Though it doos not 
receive regular deposits of silt it is also less liable 
to erosive action of the river. 
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PART II 
CHAPTER II 
THiL CONCEPT OF AGRICULTURAL 
PRODUCTIVITY 
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The term productivity has been used in different 
senses and it has aroused many conflicting interpretations. 
Sometimes it is difficult to ascertain whether productivity 
is synonymous with 'efficiency' of overall effectiveness of 
a productive unit. The productivity has been defined as 
1 
ratio of output to resources expended. Some others have 
viewed productivity as the overall effectiveness of a 
productive unit, be it a plant, farmer company, while some 
have considered the term productivity as to denote the ratio 
of output to the corresponding in put of labour i.e. man 
, 2 
hours. 
Productivity sometimes has misappropriately been 
used as synonymous to production. But productivity is not 
production. Production may be confined to the resources 
employed, where as the productivity is the continual improvement 
of the efficiency of an organisation resulting in increasingly 
efficient use of the materials, labour, plant and machinery 
available. In other words the production merely can notjs 
tne volume of output and it can be increased without 
consideration of cost by increasing the inputs of labour, 
material and equipment, ^pension of a factory or an 
additional shift can increase the quantum of productiut. but 
not the productivity. Productivity is not merely or volume 
of output, but output in relation to resources employf^d. 
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It can be increased without increase in production, it 
increases -when lesser quantities of inputs are employed 
for the same production. 
Agricultural productivity is defined as, the ratio 
between various inputs and output in agricultural production. 
It is essentially a measure of tne efficiency with which 
inputs are utilized in production, other things being equal. 
Agricultural productivity can be differentiated from 
fertility. Agricultural productivity can be expressed as 
the input/output ratio in the farm production; where as 
fertility is related to the soil and denotes the ability 
to provide all the essential plant nutrient in available 
from needed to survive a plant. Land, labour and capital 
investment are various aspects related agricultural 
productivity. Land is viewed as an area with differeat 
natural attributes. It realizes different rents and its 
valuation vary in terms of prices. Labour is described as all 
human services recorded in agricultural processes otner 
than decision making, and capital expenditure incurred ^n 
on farm and off-farm during the course of agricultural 
operations by tne farmer. 
jJue to pressure of population the land has aquired 
a special attention. Although is the simplest but accounts 
50 
for a most useful aspect in the study of agricultural 
productivity. Maximum production from land measures 
fulfilment of the demand. 
Inevitably the inherent chemical and physital 
properties of the land very spatially and impose varying 
limits on the agricultural use of the land, although the 
actual use dependents upon technology, profit and cultural 
4 
containts. 
LAND PRODUCTIVITY 
The productivity of land is very important aspect in 
those countries where there is anacuate pressure of population 
on land, where land resources are limited the principal 
means of raising products to keep pace with the growth of 
population is by raising yields per hectare. However, 
raising the productivity of land does not means only raising 
the yields of Individual crops. It encompasses the whole 
output of a farm or region in relation to tiie total area of 
farm land, and may be raised also by changing the pattern 
of production toward more intensive systems of cultivation 
or toward higher value crops. 
A distinction must be made between the measuremi^nt 
of agricultural output in terras of calories (or some otner 
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measurement of food values) and in terms of money values. 
For example, if in temperate countries land is shifted from 
cereals to potatoes, the output per hectare in terms of 
calories of human food is likely to be increased, but its 
producting in terms of money values may be decreased in 
accordance with the relative prices of cereals and potatoes. 
Again to shift land from main crop potatoes to early season 
potatoes or to luxury vegetables may well increase its 
productivity in money terras; but will almost centainly 
reduce its value in terms of calories. Good pasture land 
used for grazing will usually produce less calories for 
human food than if cropped with cereals for direct consumption 
but may well show higher productivity in money value. 
LABOUR PROOJCTIVITY 
Most of the earlier studies for the analysis of 
agricultural productivity in India have centred on land 
productivity (output per unit area) thus neglecting labour 
productivity (output unit worker). One of the reasons is 
the lack of reliable and comparable data on the labour used 
in agriculture over different point of times. However, some 
have studied labour productivity by taking only male workers 
in the denominator as a proxy for the total labour used. 
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The assessment of productivity of labour in 
agriculture is some v/hat more complex aspect than land 
productivity. Labour productivity measures the income of 
the population engaged in agriculture and can be assessed 
in terms of output per worker. It takes into account all 
the labour v/hich contributes to agricultural production, 
not only that used directly on the farm but also that used 
indirectly off the farm in producing the materials and 
7 
services used in agricultural production. The labour input 
may be expressed as the total number of labour force or, in 
order to take into account the intensity of labour, as the 
number of man-hours worked in agriculture. Similarly the 
total agricultural output may be taken as the gross farm 
output (not only of seed and feed, to avoid double counting 
as is done for production indices) or it may be taken as the 
value added by labour and other factors in the agricultural 
sector i.e., the value of fertilizers, pesticides, fuels 
and other inputs from outside the agricultural sector is 
substracted from the value of the output in order to 
Q 
determine the net contribution of the agricultural sector. 
Since labour productivity reflects standard of 
living of the workers and has often used as a measure to 
ascertain economic progress, an analysis of labour 
productivity and its relation to rural poverty needs no 
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special justification. One aspect of rural poverty in 
India. It is by now generally recognized that rural 
households -with access to little or no land or non-land 
assets are dependent primarily on uncertain and fluctuating 
wage employment from the single largest segment of rural 
9 
poor. If the productivity of these workers are high, rural 
poverty may be low. 
The measurement of labour productivity is in fact 
the most common aspect and is usually implied in economic 
discussion; when no specific definition is given. So far 
as the output per worker is concerned one of the major 
determinants of the general level of economic welfares, 
labour productivity is a significant yardstick or the 
measurement of economic progress. Various measures in 
labour productivity may, moreover, have specific uses in 
policy formulations e.g., with regard to income distribution, 
occupational distribution of labour force etc. 
Increases in the productivity of land and labour 
often go hand in hand. V/hen crop yields are increased or 
the pattern of cropping intensified there is usually -
although not always an increase in output per hectare 
and per man. Similarly when improved methods are adopted 
to increase efficiency and raise labour productivity and 
farm incomes, there is often as a secondly result an 
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increase in land productivity and total output. In 
countries v/ith agricultural surplus problems this may be 
embarrassing and increased labour productivity may then 
have to go hand in hand >;ith measures to limit the area under 
cultivation. 
CAPITAL PRODUCTIVITY 
The measurement of capital productivity in 
agriculture is perticularly complicated to compute and 
difficult to interpret. This is largely because of 
diversity of capital being utilized in agricultural 
production; for land purchase, for land improvements, 
reclamation, drainage, irrigation, farm buildings, mechanical 
power, machinery and implements, livestock, feeds, seeds, 
fertilizers, crop protection chemical etc. The amount, 
quality and price of each factor of production vary 
spatially and in time, affecting the relationships between 
then and their development on individual farms. These 
spatial pattern of expenditures are not static, labour and 
capital are mobile. The use of each production factor will 
not depend solely upon its availability. They will be 
influenced by technological, economic and social circumstances 
permit the substitution of one for another and this is in 
turn will be affected by their degree of effectiveness. 
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Stamp (1958) while attempting to measure crop 
productivity per unit area emphasized, that the areal 
differences in productivity are the result partly of natural 
advantages of soil and partly of farming efficiency. Farming 
efficiency refers to the properties and qualities of various 
inputs, the manner in v/hich they are combined and utilized 
in production. 
Estimates of capital productivity give relatively 
little guidence in ensuring the most efficient use of the 
limited capital resources. In part this is because the 
statistics on capital in agriculture are rather poorer then 
those on land and labour, not least because much of this 
investment which is of crucial importance for raising both 
output and productivity. This does not mean, that capital 
is not of vital importance to agriculture even excluding land 
often appear to be greater in relation to the output than 
those of manufacturing industries and mining, though there 
are considerable differences between countries in methods 
of estimation. 
rne productivity of live stock is also very important 
in accounting the agricultural productivity. But its 
measurement is again difficult than that of land. The 
difficulty arises both in the measurement of the input and 
output. Much of the live stock production results in more 
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than one end product. Cattle, may produce milk, beef and 
hides; sheep may Produce wool and meat etc. A comparison 
milk output of the specialized dairy cows with that of dual 
purpose animals kept for both milk and beef may be misleading, 
To aggregate the output of all livestock products, with 
suitable price weights, solves part of the problem but not 
all of it; because of the widespread use of livestock items, 
particularly in the developing regions, for drought power. 
A complete accounting of the output would, therefore, also 
requires the conclusion of the draught power produced by 
livestock. The livestock itself is an important in gradient 
represented in the agricultural assets of any region. Other 
inputs include the feeding stuffs which they consume, whether 
from grazing or in the form of preserved or concentrate 
feeds, and the land which as pasture or crop la'nd is devoted 
to livestock production. 
The above measurements when combined shall not give 
a very satisfactory indication of productivity. The simplest 
and the most frequently used comparison is to assess the 
output of milk or meat per animal, which would be significant 
when cattle are of about the same size or weight. But it 
in one country the common breeds of livestock are large and 
in another small, differences between the average output per 
animal in the two countries will in part reflect these 
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differences in size rather than their relative efficiency. 
Since small cattle eat less, therefore, the carrying capacity 
of grazing lands will be large and thus the total output 
of meat or milk per unit of feed or per hectare of land may 
be as high in one country as in the other. 
The entire output from each hectare of land brought 
under cultivation is known as the overall productivity of 
land. It is more significant than the yield per hectare or 
per unit of livestock yields. The individual yields reflects 
only the efficiency of crop husbandry or livestock husbandry, 
the overall productivity also takes into account the 
managerial skill with which the various farm interprises are 
integrated to increase the total farm output. The overall 
productivity reflects also the apportunities to produce high 
value crops, e.g. tobacco or in suitable climates or under 
irrigation to raise more than one crop per year from the 
some land. Thus, the countries with highest total output per 
hectare appear to have an overall productivity some 40 times 
greater (exceptionally more) than those with the least 
intensive agriculture. 
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CHAPTER I I I 
MEASUREMENT OF AGRICULTURAL PRODUCTIVITY 
A REVIEW OF THE RESEARCH WORK 
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Agriculture is the largest and most important 
sector in Indian economy. More than 72 per cent of the 
population depends upon agriculture and it accounts roughly 
•] 
50 per cent of the national income. Despite its enormous 
significance in the economy, the agriculture is still in 
developing stage. A large number of attempts have been 
made to assess the variations in growth of agriculture, 
productivity and the new impact of new technologies in the 
farming practices and the factors responsible for these 
spatial variations in many regions. To measure the 
agricultural productivity, and the factors responsible for 
the unbalanced growth measurement and evaluation of 
agricultural productivity, however, forms a basis for 
planning. 
The measurement of agricultural productivity as 
well as the patterns have long been an important to 
agricultural scientists. The measurement of productivity 
has been attempted extensively in various studies to explain 
the spatial organization of agriculture in time and space. 
Agricultural productivity varies from region to region. 
The reasons for such variations are numerous, by analysing 
these variations and their probable causes it is possible 
to demarcate the region of high,medium and low productivity. 
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rials will be of imnense help for appropriate plannln'^ aritl 
in imi)roving the productivity in each region also taking 
into consideration environmental and its socio-ocohoinic 
conditions. 
Ih-^ re is a substantial literature relating to 
riethodological procedures for measuring productivity in 
agi'icul^ ur-et i'hp measures of agricultural productivity which 
are most frequently understood are those of partial 
productivity and refer to the relation of a single input or 
a ,:roup of inputs to the total output or to a part there of 
(yiela per hectare, output per man-hour, output per unit of 
caiital). I'he d. :j i oquired to measure the productivity of 
a single input are more likely to be available than are those 
r'-'tjULT'ed for measure oT overall productivity. Besides, the 
aggregation of total inputs may t'->nd to obscure the effect 
3 
of oranges m their composition. Several methods have been 
adopted for- tlie asaossii.cnt of agricultural productivity. 
(a) Assessing tr.G value of agricultural output; 
(b) Measuring production per unit of farm labour; 
(c) Jetermining output in relation to input or input-output 
ratio and profitability of farming measured in z n^v i 
of the return for the sum total of human efforts; 
(.;) expressing production of agriculture in terms of 
groin-equivalents per head of poi)ulation; 
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(e) Considering output per unit area or acre yields 
after grading them in ranking order; 
(f) Giving weightage to the ranking order of the output 
per unit area and vith the proportionate share under 
crops; 
(g) Computing the index number of agricultui'al efficiency 
by expressing the carrying capacity in terms of 
population of the component enumeration unit as a 
percentage of the carrying capacity for the entire 
region. 
The methods of a, b and c require extensive 
statistical informations, ^ v^hich are not easily available is 
most of the developing countries of the world. The method c 
has little validity in subsistence farm economy where 
(i) foodgrains constitute from 80 to 90 per cent of all the 
agricultural production (ii) a major portion,of the output 
is retained Dy the far-mer for M o family, and (iii) most of 
4 
the inputs in agriculture are committed by farmer himself. 
Khusro (1964) preferred paid-out-cost in economic terms 
as the significant measure of farm efficiency in relation 
to output. 
The International Commission on Agricultural 
Typology is seized of this problem and the Chairman of Lne 
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Commission, Professor Kostrowicki sent a questionnaire 
to over 100 scholars which embodied the following two • 
questions; 
(1) V/hat methods of measuring intensity of agricullrure 
should be applied in typological studies of various 
orders. 
(2) V/hat methods, measures and indices should be used to 
define land, labour and capital productivity of 
agriculture in typological studies of various orders. 
(i) Method of measuring intensity of agriculture having 
necessary basic data: 
(a) Value of fixed and floating assessment i.e^, total of 
production inputs per unit area of agricultural land, 
(b) this most general quantitative index should be 
supplemented by seperate calculations of value of production 
funds/reserves per unit area (c) as a supplementary index a 
value of gross production of agriculture per unit area should 
also be applied. 
(ii) To determine land productivity either partial indices/ 
yields of particular crops, value of gross crop 
production or general quantitative expressions/value 
of total final productibn could be used. The determine 
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labour productivity in agriculture in relation to working 
hours or days. To determine economic effectiveness of 
capital inputs/productivity, of capital inputs, a value of 
final production of value of fixed and floating assets 
r 
should be related (Rakintov, N.). 
Intensity of agriculture, I understand to be an 
index of how much .of the year the crop surface, be it 
soil or water in a pond, is occupied by crops, in a ratio 
of now many crops are grown per year, measured normally 
against some kind of productivity factor. The latter could 
be calories, or it could be dollars (Spencer, J.E.). 
(1) Intensity of production should ideally be measured 
by total by monetary input with allowance for the work of 
the enierpreneour and his family plus interest on his invect 
capical. This again would be difficult to apply and 
partial measure might have to suffice e.go, yields, stock 
doni.ities totji t^ rdin unith, or labour inputs per unit ?3ri^ ;j. 
A slightly equivocal method would be gross output per unit 
area; high outputs usually inti.natic high inputs. 
(2) Land, labour and capital productivity are partial 
measures of agricultural productivity. They are extremely 
difficult.to measure independently because they are 
complementry rather than isolated aspects. Thus a measure 
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of land productivity, e.g., output per acre would not 
necessarily be an indicator of land potential, but rather 
a measure of the combined utilization of land, labour and 
capital. In the same way, labour productivity e.g. output 
per man day is as much a reflection of innate land potential 
and the degree of capital investrnent as it is of labour 
efficiency. In the final economic analysis land and labour 
are reduced into the debit side of the farm account and 
ultimately affect capital productivity, i.e„ output per 
unit of input in monetary terras (Taylor, J.A. and Aitchison,J.W. ). 
(i) Intensity of agriculture refers to inputs of man 
power, technical equipment and materials, such as seeds, 
fertilizers per unit area. 
(ii) In order to measure land, labour and capital 
proauctivity of agriculture net yields/value per unit area, 
per man power unit, and as a percentage of total capital 
investment" (llof meist^r j ,ire used. The best measure of 
intensity of agriculture is to as certain expenditures on 
capital and labour per unit area of farm land. This 
information is not readily available in complete from the 
census. Total capitalization and number of full time formers 
per unit area is available and is thus the most satisfactory 
index to be used in Canada. Another good indication of 
intensity is the percentage of cultivated crop land per 
unii; area (Reeds, L.). 
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Complete statistics are not available which may 
suffice to measure labour or capital productivity of 
agriculture in Japan. There is no cnoice than but to 
estimate the productivity from samples of individuals farm 
management. Land productivity may be measured by the gross/ 
monetary production per average of cultivated land per 
area (Shirahan, H.). 
The Chairman of the Commission while commenting 
on tne different approaches, pointed out that a special study 
was needed which may test various metnods and techniques 
to be used in the studies of various scales. The above 
mentioned different approaches of agricultural productivity 
have been applied and tested by persons engaged in different 
disciplines. 
G3n{^uly (1938), in his study of the Ganges Valley 
used nine leading crop and for encn crop he calculated the 
yield index which miy be exjjressed: 
acre yield of crop 'a' m Ine component ere li uniL 
. X 100 
acre yield of crop 'a' in tne entire region 
Kendoll (1939),^ taking tiio acre yield of ton 
leading crops m each of the fdurty-eight administrative 
countries in ..n^land for four selected years, tried on io\ir 
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coefficients productivity, ranking, money value and starch 
equivalent or energy of the four coefficients, the ranking 
coefficient is probably the easiest to calculate and gives 
a reasonable ranking of counties in order of productivity. 
To obtain the ranking coefficient, Kendall rank'id each of the 
ten crops in the forty-eight counties in order of productivity. 
To obtain the ranking coefficient, Kendall ranked each of the 
ten crops in the forty-eight counties in order of their yield, 
then the sum of the ranks occupied by the unit was divided 
by the number of the crops considered to obtain the average 
rank of the unit. Kendall,s money value coefficient was based 
on the value of crop production of each county (which was 
obtained by multiplying the volume of production of a 
particular crop by the price) and the results of ten crops 
for each county were added together and the sum was divided 
by the total acreage in the country under the ten crops. 
Kendall,s energy coefficient is based on the total energy 
value of various arable crops expressed as starch after 
adding the proportions assignable to by products and the 
energy index was constructed by as containing the production 
of energy per acre under crops on the basis of a prepared 
table showing the energy value of various crops. 
Q 
Huntington and Valkenburg (1952), adopted a different 
methods for measuring the intensity of agricultural production. 
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Considered the productivity of land per acre on the basis 
of eight very widely raised crops in the counrries of 
Europe. For each crops, the average yield per acre for 
Europe as a whole was taken as an index of 100, and tne 
f 
specific yield in each country was calculated accordingly. 
10 
Stamp (1S'5£), converted the farm productio'n into 
calories for measuring the agricultural productivity. He 
calculated the Standard Nutrition Unit (SMJ) by converting 
all the food production per acre in calories. The British 
Medical Association has conducted an exhaustive enquiry to 
show the caloric intake among adults from 2,100 a day, for 
a woman engaged in sedentary occupation, to 4,250 calories 
for a man engaged in active mannual work. For'children 
the desirable intake is calculated at 800 a day for infants 
under one year to 3,400 for t'^ ontage boys. The average of 
the different categories worked out at 2,540 calories a day. 
Taking into considf^mtion th-^  ape structure of the 
populati'on, th'-^  weignt and height of the people living under 
the climatic conditions of north-western -.urope, the average 
is 2,460 calories a day or about 90,00,000 calories per 
annum. Making allowance for a loss of 10 per cent during 
harvest, in cooking and food preparation, the figure of 
10,00,000 calories a year in terms of farm production may 
11 be accepted. 
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12 Stamp (1960), adopted Kendall's ranking coefficient 
method by selecting t-wenty countries of the v;orld and nine 
leading crops grown in different environmental conditions. 
The countries were placed in order of output per acre for 
each crop. The places occupied by each country in respect 
to the selected crops were then averaged, and from these 
averages, the ranking coefficient of agricultural efficiency 
of each country was obtained. If a country was at the top 
of every list, it would have a ranking coefficient of one, 
and if it were at the bottom of every list, it would have a 
ranking coefficient equal to the total number of countries 
concerned. 
Shafi (1960)]^ worked out the availability of 
calories in Indian conditions for twelve villages of Eastern 
Uttar Pradesh. The net caloric intake as worked out in 
twelve villages ranged from 1828 calories a day (5,67,577 
calories per annum) to 2,175 calories a day (7,95,51^ calories 
per annum)„ According to him is no case it reached the 
9,00,000 calories pastulated as the Standard Nutrition Unit. 
It was pointed out that in the well drained and irrigated 
villages of niastern Uttar Pradesh the caloric intake per 
person amounts to about 2,000 calories a day. Where 'the 
caloric intake drops below 2,000 a day, both standard of 
living and the general health of the people are perceptibly 
lower. 
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The ranking coefficient technique was applied 
by Shafi (195o), for measuring the efficiency of agriculture 
in Uttar Pradesh by taking acre yields of eight selected 
crops. On the basis of results achieved he pointed out that 
r 
the ranking in coefficient method perhaps suffers from two 
defects: firstly, the Rohilkhand farmer may be as hard 
working or even more deligent than Ganga-Yamuna Doab farmer, 
but on the basis of acre yield of crops, the ranking 
coefficient of agricultural production of the Rohilkhand 
districts is the lowest and that of the doab districts the 
highest and therefore the agricultural efficiency in doab 
is designated as the highest and that of the Rohilkhand 
region as the lowest. Secondly, insignificant acreages 
under certain crops which show high adaptations with regard 
to physical factors is the same or in different regions may 
have higher yield per acre than those crops which occupy 
substantial acreages under those crops with poor adoptability 
to physical conditions. Stamp (i960), while commenting on 
this method points out that the aim of this technique is to 
measure actually the crop productivity per unit area which 
depends partly on physical characteristics of the area and 
partly the management and organization of agriculture by 
the farmer. The inherent weakness of ranking coefficient 
is that it considers only the acre yield of a crop in a 
region, and does not take into account the magnitude of 
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area which the crop occupy. For example, if an enumeration 
unit 'A' occupies first rank on the basis of per acre yield 
of wheat, whereas only a fraction of one per cent of crop 
land is devoted to it. Hence it is obvious that while 
considering the agricultural efficiency both the areal 
spread and the yield per acre should be taken into account. 
Kendall's ranking coefficient was modified by 
Sapre and Deshpande (1964), by giving weightage 'to it by 
the area under different crops. The weights for ranks of 
various crops are proportional to the percentage of crop 
land under each crop. For example, an enumeration unit 'A' 
has rank 2 on the basis of wheat acre yield and occupies 
30 per cent of tne total croped area,it ranks 3 on the basis 
of rice acre yield and occupies 25 per cent of the total 
cropped area, on the basis of acre yield of gr-am it ranks 
on 8 place, and occupies 10 per cent of the total cropped 
area. fhuo the weighted average of the ranks would be: 
(2x30) + (3vc25)+ (8x10) = 215 divided by the sum of tne 
weignts 215/o5 = 3.3. Contrary to the Kendall's methods, 
it would have been 2+3+8 =13 divided by the number of crops 
as 13/3 - 4.3. 
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1 n 
jinyedi (1954), while discussing geog-raphical 
types of agriculture referred to a formula for determining 
agricultural productivity: 
Y T 
Yn Tn 
where 
Y = the total yield of the selected crop in unit area, 
Yn = the total yield of the crop on national scale 
r = total crop area of the district 
In = total crop area on national scale 
1R 
Shafi (1965), applied the method of Huntington 
and Valkenburg to measure the intensity of agriculture for 
the districts of Uttar Pradesh. The results showed that 
the districts of the Doab, with the exception of certain 
pockets, possess highest intensity of production, whereas 
the lowest intensity was found in some of the sub-montane 
districts and in few district of the Bundelkhand. The 
intensity of agriculture in the districts of Rohailkhand 
did not appear as the lowest. In fact in Bijnor, the 
intensity appeared next to the highest. This method 
attempts to measure the relative productivity from an 
arbitrary standard curve and suffers from the same defects 
as the ranking coefficient method. 
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Another approach to measure agricultural 
efficiency is of labour and capital effectiveness. Labour 
productivity can be considered with reference to the amount 
of agricultural production per worker and by considering 
the number of persons employed to produce a certain amount 
output. Both of them may be obtained either by dividing 
the total production in any unit area by the number of. man 
hours or less precisely by the number of persons employed in 
agriculture. In view of above consideration, attempts have 
been mode while considering the agricultural productivity. 
On the basis of efficiency of labour, one approach is to 
divide total production by the number of workers engaged 
in agriculture. In another approach, a reverse index may 
be applied, where the total number of workers per unit of 
production is assessed. The concept of capital expenditure 
is extremely complicated and difficult to be applied on a 
scientific basis, and it becames more difficult when the 
value of the output is intr'oduced especially in the context 
of arbitrary rates of exchange between the world currencies. 
Shafi (1965), applied this method in order to examine crop 
production per worker by considering selected food crops in 
Uttar Pradesh. He also applied the second approach and 
prepared another map in which he considered the total number 
of worker needed to produce per tonne of food production on 
the basis of some selected crops. The results obtained by 
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this method indicated that in most of the doab districts, 
one tonne of food crop production cereals and sugar was 
produced by one worker, while in the sub-montane districts 
two or three workers are needed to produce the same amount 
of crop. This reflected the situation of surplus labour 
in agriculture in certain parts of the Uttar Pradesh. The 
efficiency of labour in any region cannot be equated with 
the agricultural efficiency of land. Moreover, the 
productivity per unit of labour may be increased by putting 
20 
an increased amount of inputs. Yang (1965), has initiated 
a method 'Crop Yield Index' to measure the agricultural 
productivity of farms by considering the yield per hectare 
of tne crops concerned,and the magnitude of area devoted to 
the crop in the region. The computation of the index can be 
illustrated with the help of following example. 
(1) The yield per hectare of one or two of the most 
important crops. 
(2) Crop Yield Index - This index represents the yiela 
of all crops on a farm compared with the average crop yield 
of region. Before calculating the crop yield index for a 
particular farm, the average yield of each of the crops 
grown in the region must be determined. Than by dividing 
the yield of the crop in the region, a percentage figure is 
obtained which, when multiplied by 100, gives the index 
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number, as show in column 5 of Table. By incorporating . 
the area denoted to each crop as a weight and multiply this 
percentage index, the products are obtained as listed in 
column 6 of the Table. By adding the products and diviaing 
the sum of the products by the total crop hectares on the 
farm (the sum of column 4) the average index is the desired 
crop index for the particular farm, using crop area as 
weight. Similarly, it can also be calculated by taking 
man work units as weights. Jakhura block in Lalitpur district. 
Table 1 
Kethod of Calculating Crop Productivity Index 
for Jakhora Block 
Name of 
Crop 
Yield in -Quintal 
per hectare 
Average 
yield in 
region 
Average 
yield in 
block 
Area of 
crop in the 
district 
in hectare 
Crop yield Percentage 
in the multiplied 
district as. by area in 
% of the r^ffon hectare 
(Col.2x3x100) (col.4x5) 
Rice 
v^ heat 
haize 
Barley 
6.20 
14.02 
12.13 
3.50 
6.08 
18.43 
11.50 
5.55 
1120 
10847 
243 
• 2488 
98.06 
131.45 
94.80 
158.57 
109827.2 
1425838.1 
23036.4 
294522.16 
Total 14598 1853225.23 
Note: Crop index = 1853223.23 
14598 
126 
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A refinement in the Sapre and Deshpande' s weighted average 
21 
of the ranks has been done by Bhatia (196?), ih determining 
the agricultural efficiency in Uttar Pradesh. He first 
calculated the yield indices of various crops and multiplied 
them by the percentages of crop land under different crops 
and divided the sum of these by the sum of the percentage of 
crop land under the different crops. This may. be expressed 
as: 
(i) lya = -ll- X 100 
Yr 
where 
lya = yield index of crop 'a' 
Yc = acre yield of crop 'a' in the component unit 
Yr = acre yield of crop 'a' in the entire region 
(ii) iii - -^y^'^^ + lyb.cb + Iyn.cn 
Ca + a) Ca 
where 
b]i = Agricultural efficiency index 
lya, lyb, lyn = Yield indices of various crops 
Ca, Cb Cn = Percentages of crop land under 
different crops. 
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Shafi (1967), in order to examine nutrition levels 
in India on the basis of acre yield of crops and converting 
them into calories. The values were aggregated, and v/ere 
finally divided by the number of crops considered, in each 
district of the country. The results thus obtained were 
designated as the output of crops in terms of calories 
available per acre. The per acre calories were converted 
into Standard Nutrition Units (SNUs). This method attempt 
to measure productivity of land in terms of calories and 
its capacity to support the population. The supporting 
capacity calculating by measuring yields of various crops in 
terms of calories per unit of land and by comparing total 
yield of calories with it standard annual requirement per 
person. 
Shafi (1972), in an attempt to measure the 
agricultural productivity of the Great Indian Plains tried 
to modify the Enyedi's formula. In modified formula, the 
summation of the total yield of all the crops in the district 
divided by the total area under the crops considered, and 
the position thus obtained was examined in relation tn the 
total yield of all the crop s considered at the national 
level and divided it by the total area under those crops. 
The modified formula would be read thus: 
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Yw Yr Yml 
+ + 
n .^ r Yw Yr Yml ^ 
n ) : { — + + n) 
or 
where 
Yw, Yr, Ymi 
n 
£ Y 
n 
£ Y 
Yw, Yr, Ymi 
,n = 
t = 
,n = 
T = 
yield of various crops in the area, 
total area under those crops in 
the unit area, 
yield of various crops on the 
national scale, and 
total area under those crops on 
the national scale. 
Jasbir Singh (l'972), measured the levels of 
agricultural efficiency in Haryana in terms of nutrition units 
per unit of area. He examined the carrying capacity of land 
i)or nq. l<.m in the area unit, which con be^expressed by an 
equation consisting of two steps: 
(I) 
where 
CP = Co 
Sn 
f*^ ' Ace No. 
CP = carrying capacity, 
Co = caloric output per sq. km, and 
Sn = standard nutrition 
78 
(II) lac = - 2 ^ X 100 
CPr 
v/here 
lac = the index number of agricultural efficipncy 
of an ennumeration unit, 
CPc = the carrying capacity in terms of population 
in the component enumeration unit 
CPr = the carrying capacity in the entire region. 
In the first step, the index number is obtained by 
considering, it as a percentage of the carrying capacity 
in the entire region. Whereas the second step takes into 
account the following aspects: 
(i) The acre yield of the crops considered, 
(ii) the land occupied by the cereal crops, pulses, and 
oil seeds covering from 85 to 95 per cent of the 
land harvested land, 
(iii) the proportion of the cropped land in the harvested 
area, 
(iv) the caloric value of individual crop, and calories 
available for human consumption per unit area, and 
(v) the Standard Nutrition Unit estimated by giving 
weightage to the proportions of age/sex groups, 
lactating and pregnant mothers, and type of work in 
•which rural population is engaged. 
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In an attempt to measure agricultural productivity 
in India, Dayal (1984), has devised txo different methods, 
one relates to price weighted index and in second, he 
took into account the prevailing farm harvest prices in 
different regions, and equated the yield of 18 selected 
crops with that of the prices. In order to compute the 
index, he devised a formula, which would be read this: 
n 
. (1) PL = 21 ( Qi Pi ) ^ 
i=1 Ai 
where 
n = total number of crops, considered, 
Oi = output of ith crop in the district, 
Pi = regional average of farm harvest price 
for ith crop of per unit weight, 
Ai = area occupied by ith crop in the district-
The Labour Productivity Indix (Pb) (agriculture 
productivity per worker) can be computed similarly with 
the help of furraula given below: 
(II) Pb = 2" ( -^ i -^ i - ) 
1=1 « 
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where 
n = total number of crops considered, 
Oi = output of ith crop in the district, 
Pi = regional average of farm harvest price for 
ith crop of per unit weight, and 
Wi = the labour input workers year in agriculture 
the district. 
Finally, a composite index of agricultural 
productivity can be obtained by calculating a ranking 
coefficient of I (PL) and II (I^). The districts were 
ranked on the basis of land and labour productivity values 
accordingly. Each district obtained two rank values ranged 
between 1 and 307. The values of the districts belonging 
to two ranks were averaged to get the composite index which 
characterized the aggregate levels of productivity. 
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CHAPPER IV 
REGIONAL PATTERNS OF CROP PRODUCTIVITY 
IN BUNDELKHATJD 
84 
Agricultural production is a multidimensional 
concept, which includes technological advancement, effective 
management of available resources and organizational setup 
for the agricultural production. These factors in turn 
r 
effect the relative production in any region. 
In order to assess the crop productivity in each 
of forty seven blocks of the Bundelkhand for the year 
1983-84, the Yang's Crop Yield Index method v/as applied 
for evaluation of crop productivity. Considering the major 
crops grown in the Bundelkhand. The major crops included 
are: rice, wheat, barley, jowar, bajara, maize, black gram 
(urd), green gram (moong),lentil (masoor), gram, peas, 
pigean pea, oil seeds, sugarcane and potatoes. 
CROP PRODUCTIVITY REGIONS - BASED ON CROP 
YIELD IND£y 
Taking into consideration the yield of individual 
crops on a farm, that yield was equated with the average 
yield of the corresponding crops in the entire study area. 
All the food crops were categorised into four major groups. 
1 2 3 4 
They are cereals, pulses, oilseeds and cash crops. 
1 Cereals - rice, wheat, barley, jowar,bajara, maize. 
2 Pulses - black gram, green gram, letil, gram, peas, arhar. 
3 Oilseeds - all the oilseeds. 
4 Cash crops- sugarcane and potatoes. 
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Moreover, the yield per hectare of foodgrains cannot be 
equated with the yields of sugarcane or potatoes, as there 
quantum of productions is very much high. 
PRODUCTIVITY PATTSRI^  IN BUNDELKHAND . 
To identify agricultural productivity patterns in 
Bundelkhand, the crop productivity was computed in accordance 
v/ith the methodology discussed earlier for the forty seven 
blocks of Bundelkhand for the year 1983-84. 
To classify blocks with reference to the magnitude 
of spatial variations a uniform method for regional . 
demarcation v/as worked out from the mean value of agricultural 
productivity indices. Table below gives the frequency of 
occurance of index level in a certain class interval which 
helps to demarcate the different productivity region. 
Uniform class of magnitude of distribution of crop productivity 
were decided. In an universe following the normal distribution 
pattern 99.95 per cent of the individual value of random 
variables lies within a range of mean value of (X) + 3 time 
standard deviation (S), In order to classify blocks into 
five classes on the basis of variation of blocks around the 
mean value of the productivity index, following system was 
adopted to determine the ranges of class. 
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Class Ran^e of Index 
1. Very High x +2.5 S - above 
2. High X +2.5 S - x + 2.5 S 
3. Medium x -0.5 S - x + 0.5 S 
4. Low X -2.5 S - X - 0.5 S 
5. Very Low x -2.5 S - below 
This system of regional demarcation was applied 
to the productivity indices computed for each block and with 
a view to maintain an uniformity.-
CROP PRODUCTIVITY PATTERNS 
Crop yield indices were computed for each of the 
crop group of cereals, pulses, oilseeds, cash crops. In order 
to a'ssess the crops intensity and patterns in each blocks 
during the period under study the area under major crops 
(fifteen) were added up into four distinct broad categories 
identifying as cereal, pulses, oilseeds and cash crops. 
Cereals 
Cereal crops acquire a important position in the 
agriculture of Bundelkhand. They cover more than 50 per cent 
of the cropped area. The rice, wheat, barley, jowar, bajara 
and maize are important. Among them, wheat is very important 
as it covers about 30 per cent of total cropped land. 
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Table 2 
Area under different productivity regions 
Cereals in Bundelkhand - 1983-84 
Productivity Index Range 
Rank 
Area under Per- Number of 
cereals centa-ge Blocks 
(in hectare) 
Very High 
High 
Medium 
Low 
Very Low 
122.50 
114.75 
100.25 
84.75 
84.75 
- above 
- 122.50 
- 114.75 
- 100.25 
and below 
155866 
124590 
405391 
272131 
48888 
15.48 
12.37 
40.26 
27.07 
4 .85 
9 
8 
16 
12 
2 
Very High Productivity Regions of Cereals 
The very high productivity regions for cereals are ^  
confined to nine blocks of Bundelkhand lying Lalitpur district, 
and the northern part of Jalaun district, A single block of 
Barokhar Khurd in Banda district also has high productivity, 
which is on the eastern bank of river Ken. The blocks of 
Lalitpur district are namely, Jakhora, Talbehot, Baruha, 
Mahroni and Manuwara, and blocks of Rampura, lodigaun and 
Kadaura belong to Jalaun district. Name of that block which 
in Banda district as Barokhar Khurd. In these blocks 
belonging the above districts the area under cereals varied 
as 49.7 per cent to 54.6 per cent. The high pro-ductivity 
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Table 3 
Blockwise cereals productivity index, area, 
percentage in Bundelkhand 
Name of the Blocks Productivity 
index value 
of cereals 
Total area 
of cereals 
(in hectare) 
PeV'Ccutage of 
cereals i n 
blocks 
T T T 
1 . J a k h o r a 
2 . f a l v a y h a t 
3 . BerdJia 
4 . Bar 
!;. Mahroni 
6 . Manuwara 
7 . Suirierpur 
8 . Fvurara 
9 . S a r i l a 
10 . Go hand 
1 1 . Rath 
!<-. P a n v j r i 
1 3 . Chorkha r i 
14 . Muskara 
1 3 . riaudha 
16 . J a i t pur 
17 . Kab ra i 
1 8 . Ch i rgaon 
19 . Ivoth 
2U. G u r s a r a i 
132 .89 
123.52 
137.. 27 
118 .40 
130.73 
127.05 
95.88 
93 .79 
106.32 
7 8 . 3 3 
92 .16 
99. Jl 
95 .13 
9^.81 
9 0 . 9 9 
93 .54 
90.72 
1 03 .28 
105 .25 
5 3 . 4 9 
14698 
9409 
15622 
16189 
17104 
10953 
21006 
15552 
17360 
22851 
1 9111 
19183 
28713 
22520 
28298 
17301 
28427 
20956 
20736 
26037 
4 9 . 7 0 
5 0 . 9 0 
6 4 . 6 0 
5 2 . 7 4 
50 .91 
4 6 . 0 6 
4 6 . 4 5 
6 2 . 5 8 
4 4 . 7 6 
5 6 . 2 6 
58 .02 
5:^.83 
"J'-''. 6 1 
^ 0 . 1 . ' 
4-3.92 
: ;9.54 
:)7. J1 
5 1 . 2 0 
3 8 . 7 0 
48..2 3 
c o n t d . 
Table 5 (Contd ) 
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4 
2 1 . 
22 . 
2 3 . 
24 . 
25 . 
26 . 
27 . 
28. 
29 . 
30. 
3 1 . 
32 . 
3 3 . 
34. 
35 . 
36. 
37. 
38 . 
39. 
40. 
4 1 . 
42. 
43 . 
44. 
45 . 
46. 
47. 
Bamaur 
Mau-Rampur 
Bangra 
Babina 
Baragaon 
Rampura 
Madhogarh 
Kuthond 
Ja laun 
Nadigaon 
Konch 
Dakor.e 
Mahevva 
Kadaura 
Chi t rakut 
Pahari 
Manikpur 
Naraini 
Mahuwa 
Kamasin 
Baberu 
Bisanda 
Jaspura 
Tindwari 
Barokharkurd 
Mau 
Raranagar 
93.12 
94.50 
97.49 
107.17 
118.46 
126.00 
121.38 
119.58 
121.01 
125.81 
121.23 
118.43 
122.46 
130.38 
109.54 
108.29 
108.96 
105.61 
100.63 
104.78 
102.64 
101.51 
104.81 
106.36 
130.74 
107.63 
109.78 
28410 
23778 
.1 9832 
15400 
14944 
12601 
12203 
13887 
12954 
18816 
13139 
24878 
17296 
24969 
20246 
28085 
20537 
45376 
58098 
231^*8 
27146 
43870 
12101 
22739 
31195 
16020 
13523 
53.14 
53.84 
58.25 
74.04 
66.21 
57.91 
47.35 
53.32 
58.33 
41.03 
32.26 
36.84 
42.90 
44.89 
65.53 
55.51 
65.01 
67.47 
81.72 
51.59 
51.86 
74.33 
40.31 
ho.ll 
51.47 
60.77 
55.25 
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region occupied 155,866 hectares (15.48 per cent) of the 
total cropped area. The yield indices rangea between 
123.52 in Talvayhat and 137.27 in Virdha. Among tne cereals, 
wheat acquired the largest area, and also act.ounted for 
tne maximum production. 
High Productivity Regions of Cereals 
High productivity is designated to the blocks 
having the index values ranged from 114.75 to 122.50. Eight 
blocks having the high productivity, are scattered over the 
districts of Jalaun, Jhansi and Lalitpur. The Bar block of 
Lalitpur district devoted an area of about 32 per cent to 
cereals. The other blocks of high productivity region are 
Baragaon in Jhansi, and Madhogarh, Kuthand,- Jalaun, Konch, 
Jakore, Mahewa in Jalaun district. All of these blocks 
devoted an area of 32.26 to 66,21 per cent untler cereals. 
V/heat also dominates the regions of high productivity, it 
is followed by bajara, barley, maize and rice. 
I'lediuro Productivity Regions of the Cereals 
The regions having the medium cereal productivity 
with tne index range 100.25 to 114.75 are confined to the 
districts of Sanaa and Jhansi. Only the single block in the 
district of liamirpur is Sarila. The blocks having the 
meuium cereals productivity in Banda and Jhansi districts 
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are namely, Chirgaun, Moth, Babina, Chitrakut, Pahari, 
Manikpur, Naraini, Mahuwa, Kamasin, Bebru, Visunda, Jaspura, 
Tindvari, Mau, and Ramnagar. All the above blocks have the 
area under the cereals which ranged from 40.31 to 74.33 
per cent. Medium productivity regions are mostly confined 
to the east of river Ken and southern bank of Yamuna. These 
blocks devoted more than 50 per cent area under cereal crops. 
Those by in Jhansi, they have the area under cereals from 
40 to 50 per cent. Wheat occupied largest area and bajara, 
barley, rice and maize occupied second, third, fourth and 
fifth positions respectively. 
Low Productivity Regions of Cereals 
Low productivity regions of cereals are confined to 
twelve blocks. All these blocks concentrated in central part 
of Bundelkhand between the rivers Ken and Betwa. The low 
productivity in cereals crops is confined to the blocks 
mainly of Kamirpur and Jhansi districts. The blocks of 
Jhansi district are: Bamaur, Mauranipur, Bangra where the 
area devoted to cereals ranged from 48 to 58 per cent. Almost 
all the blocks of Hamirpur district with the exception of 
Sarila and Gohand blocks are categorised as having the low 
productivity. These blocks are Sumerpur, Kurara, Rath, 
Panvari, Charkhari, Muskara, Modalia, Jaitpur, Kebraia. 
The area devoted to cereals ranged from 43.92 to 62.58 per ceni, 
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Wheat among the cereals occupied 50 per cent of the area. 
The areas characterised with low productivity under cereals 
occupy 27.07 per cent area of total crop land of 
Bundelkhand.(Fig.9). 
Very Low Productivity Regions of Cereals 
The two blocks namely, Goland and Gursarai, which 
have very low productivity in cereal crops are found on the 
central part of Bundelkhand located on the eastern and 
western banks of Dhansan river. Very low productivity 
region occupy only 4,85 per cent area in the Jhansi and 
Hamirpur districts. The yield index range is less than 
the value of 84.75. The percentage of wheat is also low 
in these blocks. 
Pulses 
The cultivation of pulses is very significant in 
Bundelkhand, in the cultivation of crops as tne second 
largest area is dominated by them. The productivity of 
pulses is high as compared to other categories of crops. 
The pulses when aggregated in terms of magnitude of area 
they occupy more than 4o per cent. 'But productivity varies 
in different parts of the region. In order to mark out the 
u 
areas of very high, high, medium, lo^/j and very lov>' 
productivity. Table 5 shows the index values computed, 
and Fig.10 is based on Table. The Bundelkhand has been 
demarcated into five different categories of productivity: 
very high productivity, having the index values ranged more 
than 130.30] the high productivity regions by within the 
range of index values from 130.50 to 121.73,* the medium 
productivity in different parts of Bundelkhand ranged between 
102.25 and 121.75; the fourth category of low productivity 
has the index values in between 83.75 and 102.25, and the 
areas of very low productivity are classed having the values 
which ranged less than 83.75. 
Table 4 
Area under different productivity regions 
Pulses in Bundelkhand - 1983-84 
Productivity Index Range Area under Per- Number 
Rank pulses centage of 
(hectare) Blocks 
Very High 
High 
Medium 
Low 
Very Low 
130.50 
130.50 
121.75 
102.25 
83.75 
and above 
- 121.75 
- 102.25 
- 83.75 
and below 
69194 
41685 
533385 
136500 
9483 
B.73 
5.27 
67.49 
17.27 
1.20 
7 
2 
29 
8 
1 
95 
96 
Very High Productivity Regions of Pulses 
The blocks having the very high productivity in 
Bundelkhand are largely confined 5 blocks of Lalitpur and 
the districts of Jalaun and Jhansi, each having a single 
block namely, Nadigaon and Babina respectively, '^ here the 
productivity ranged more than 130.50. The blocks of very • 
high productivity in pulses of Lalitpur district are namely, 
Jakhaura, Talvayhat, Virdha, Bar, Manuwara, in which yield 
indices varied 144.41, 158.64, 159.94, 132.36 and 132.86 
respectively. These high productivity regions occupy about 
9 per cent of the total cultivated area (Table 4j. The 
cultivation of pulses covers an area in these blocks xhich 
ranged 12.2? to 47 per cent. Gram is the dominating crops 
as it occupied an area ranged from 12 to 20 per cent of the 
total cropped land. The other pulses of urd, moong, masoor, 
peas and arhar are of secondary order. 
High Productivity Regions of Pulses 
Next to very high is the category of high productivity 
with the productivity indices ranged from 121.75 to 130.50. 
High productivity regions occupy a very small area of 
5 per cent. Only two blocks with the index values of 121.27 
the Mahroni of the Lalitpur district, and Barokhar khurd with 
the value of 127.34 of Bandha district are the representatives 
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Table 5 
Blockwise pulses productivity index, area 
percentage in Bundelkhand 
Name of the Blocks Productivity-
index of 
Pulses 
Total Pulses Percentage of 
area in total pulses 
(hectare) Crop 
TT T 
1. 
1. Jakhora 
2. Talvayhat 
3. Berdha 
4. Bar 
5. Mahroni 
5. Manuwara 
7. Sumerpur 
8. Kurara 
y. Sarila 
10. Gohand 
11. Rath 
12. Panvari 
13. Charkhari 
14. Muskara 
15. Maudaha 
16. Jaitpur 
17. Kabrai 
18. Chirgaon 
19. ifeth 
20. Gursarai 
144.41 
158.64 
159.94 
132.36 
121.27 
132.86 
109.00 
99.31 
108.49 
107.50 
104.61 
108.75 
111.58 
112.27 
107.81 
108.05 
89.60 
104.75 
106.71 
98.48 
9967 
4351 
5849 
11152 
13889 
9909 
21470 
5908 
19635 
16652 
12988 
12819 
21972 
19143 
28791 
8486 
20668 
18180 
32061 
25550 
42.00 
47.20 
32.01 
45.92 
41.34 
45.20 
41.11 
23.77 
50.63 
40.99 
39.40 
37.30 
38.75 
42.66 
44.67 
29.20 
38.67 
44.41 
59.86 
47.33 
contd. 
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Table 5 (Contd ; 
4 
2 1 . 
22. 
2 3 . 
24. 
25 . 
26. 
27. 
2 8 . 
29. 
50. 
3 1 , 
32. 
33 . 
34. 
35. 
36. 
37. 
38 . 
39. 
40 . 
4 1 . 
42. 
43 . 
44. 
4 5 . 
46. 
47. 
Baraaur 
Mau-Rampur 
Bangra 
Babina 
Bargaon 
Rampura 
Madhogarh 
Kuthond 
Ja laun 
Nadigaon 
Konch 
Dakore 
Mahewa 
Kadaura 
Chi t rakut 
Pahar i 
Manikpur 
iMarami 
Mahuwa 
Karaarin 
Beberu 
Bisunda 
Jaspura 
Tindwari 
Barokhar Khard 
Mau 
Ramnagar 
96.87 
101.70 
101.43 
135.49 
106.61 
112 .00 
109.05 
110.21 
107.55 
178.57 
105.65 
108.63 
109.54 
110.84 
105:53 
108.54 • 
109.59 
105.65 
103.27 
105.56 
104.57 
95.70 
95.42 
105.95 
127.54 
65.85 
109.21 
22194 
18288 
1 
11519 
2552 
2825 
7545 
10826 
10352 
21636 
25414 
25604 
37291 
21567 
28195 • 
10540 
21740 
9893 
20398 
12212 
20635 
22692 
.14795 
17580 
24988 
27796 
1485 
10272 
41.49 
41.14 
r
• 33.83 
12.27 
21.19 
33.76 
42.01 
39.75 
27.53 
55.43 
62.87 
55.25 
55.50 
50.68 
33.41 
42.97 
51.52 
50.55 
17.17 
45.98 
46.47 
25.06 
58.66 
51.29 
45.86 
56.01 
41.97 
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of high productivity. In these blocks area under pulses 
accounted for 41.34 per cent and 45.86 per cen- respectively. 
Gram is again a dominating crop -with the area under 
cultivation ranging between 31 and 34 per cent respectively. 
Medium Productivity Regions of Pulses 
Large tracts spreading over about 68 per cent of 
Bundelkhand are characterised with medium productivity. The 
blocks having the index values between 102.25 and 121.25 are 
classed as the medium productivity regions. The productivity 
of medium order is found over extensive areas in the districts 
of Jalaun, riamirpur, Jhansi and Banda. Out of nine blocks 
of Jalaun district, 8 of them are characterised with medium 
productivity with the exception of Nadigaon which belongs to 
very high productivity regions. In continuation towards the 
trans Betwa region in the southeast, out of 11 blocks of 
Kamirpur district, there are 9 blocks which possess the 
productivity of medium order, leaving out tne Kabrai blocks 
lying in the extreme soutn. This extension of blocKS with 
medium productivity under pulses is intrupted by the presence 
two blocks of flarokhar Khurd and Jaspura with high ana low 
productivity. Beyond these two blocks, the medium productivity 
persists in 9 blocks. Which form a compact shape in Banda 
district. The strength of area under pulses is formed by tne 
gram, as it covers an area of between 70 and 80 per cent. 
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la all of the 29 blocks, the percentage of area under pulses 
ranged from 21.19 to 44.59 per cent in Jhansi district, 29.20 
to 53.63 per cent in Hamirpur district, 33.76 to 62.37 
per cent in Jalaun district, 17 to 51.29 per cent in Banda 
district. 
Levy Productivity Regions of Pulses 
The regions of lov/ productivity occupy 17.27 per cent 
of the area. Covering 8 blocks, 4 of them are from Jhansi 
district. The blocks having the index values bet^ veen 83.75 
to 102.25 are classed as the low productivity region with two 
blocks of Hamirpur district namely, Kurara lying the extreme 
north and Kebrai in extreme south. In the areas of trans-Ken, 
there are two blocks namely, the Visunda and Jaspura possessing 
very low productivity. The area occupied by pulses ranged 
23.77 per cent in Kurara, and 58.66 per cent in Jaspura. 
Gram is dominating crop and occupy more than 30 per cent area 
of total pulses land. 
Only one block of Mau in Banda district falls in 
the category of very low productivity with a yield index 
value of 65.83 (Fig.10). 
Oil Seeds 
The oil seeds constitute a great significance in 
Indian agriculture. Very recently, they have acquired attention 
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with the static production, and subsequent decrease in 
area, that has resulted a falls in per capita availability. 
The oilseeds have the consumption significance and are grown 
in the channel of crops. The important oilseeds grown in 
different parts of the country are groundnut, lineseed, 
mustard and sesamum. Out of these, only groundnut and 
mustard are grown over large tracts in Bundelkhand. Their 
specific significance can be examined with reference to the 
actual area and respective share which these crops constitute 
in the total cropped area. 
Table 6 
Area under different productivi ty regions -
oi lseeds in Bundelkhand 1983-84 
Productivity 
Rank 
Very High 
High 
Medium 
Low 
Very Low 
Index 
120.5U 
120-50 
110.25 
92.75 
83.50 
Range 
and above 
- 110.25 
- 92.75 
- 83.50 
and below 
Area under 
Pulses in 
(hectare) 
16240 
16518 
6633 
40374 
8191 
Per-
centage 
18.46 
18.77 
7.54 
45.90 
9.31 
Number 
of 
Blocks 
11 
6 
7 
19 
4 
102 
103 
Very High Productivity Regions of Oilseeds 
Areas exhibiting very high productivity in oilseeds 
occupy 18.46 per cent share in 11 blocks of Bundelkhand. Out 
of 11 blocks, 6 of them belong Lalitpur district, thus 
Lalitpur is chai'acterised with very high productivity. The 
productivity in these areas has the index value more than 
120.50. Babina block of Jhansi district also possesses very 
high productivity and frenges the extreme northern part of 
Lalitpur district. The Madhogarh, Kuthonth, Mohova and 
Kadora blocks being in north part in Jalaun district, also 
possess high productivity in oilseeds. In these blocks area 
under oilseeds is significant. Area under oilseeds in 
Lalitpur district varies 0.59 per cent in Bar to 6.70 in 
Mahroni. The Babina block occupied comparatively largest area 
about 14 per cent and minimum area 0.59 per cent in Bar of 
Lalitpur district. The main oilseeds are groundnut and 
musier'd. 
High Productivity Kegions of Oilseeds 
Next to very high is the category of high productivity 
with rhe indices range from 110.25 to 120.50. Areas having 
nign proauctivity occupy only very small iracts, about 19 
per cent of the total cropped area. These 6 block, 4 of them 
are from Jalaun district and the remaining 2 belong to Jn:>nsi. 
Table 
Blockwise oilseeds productivity index, area, 
percentage in Bundeikhand 
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Name of the Block Productivity-
index value 
of oilseeds 
Total area Percentage of 
of oilseeds oilseeds in 
in (hectare) ' Blocks 
1 2 4 
1. J a k h o r a 
2 . T a l v a y h a t 
3. Berdha 
4 . Bar 
5 . H a h r o n i 
6 . Manuwara 
7 . Suinerpur 
8 . Kurara 
J. S a r i l a 
1U. Gohand 
1 1 . Rath 
12 . P a n v a r i 
1 3 . C h a r k h a r i 
^h. Muskaro 
1 5 . fioudaha 
16. J a i t p u r 
17 . K a b r a i 
18 . C h i r r a o n 
19 . Moth 
2 0 . Gur : ia ra i 
135 .76 
132 .67 
123.67 
121.11 
127.03 
124.00 
i^ l . 54 
71.10 
84 .21 
8 5 . 3 4 
107.04 
90. A0 
83.93 
87.03 
87. u3 
80.00 
90.41 
90.97 
75.76 
113.52 
1931 
188 
577 
183 
2252 
2020 
26^8 
3378 
1760 
921 
529 
2w31 
r.8S9 
3152 
7030 
2850 
4180 
1308 
757 
2368 
O.50 
0.96 
2.55 
0.59 
6.70 
8 > 9 
5,. 96 
13.5y 
4.53 
2.26 
1.60 
5.91 
10.32 
7.07 
11.37 
v.so 
7 . 3 2 
'•. 01 
0.2'J 
4.38 
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k 
2 1 . Bamaur 
22. Mau Ranipur 
23 . Bangra 
24. Babina 
25 . Baragaon 
26. Rampura 
27. Madhogarh 
28. Kuthond 
29. J a l a u n 
30. Nadigaon 
3 1 . Konch 
32. Dakore 
33 . Kanewa 
34. Kadaura 
35. Chi t rakut 
36. Pahar i 
37. Fianikpur 
38. Nara in i 
39. Kiahuwa 
40. Kamasin 
4 1 . Beberu 
42. Bisunda 
43 . Jaspura 
44. Tindv/ari 
45 . Barokhar Khurd 
46. Ma u 
47. Ramnagar 
116.04 
89.84 
89.00 
146.75 
92.10 
112.49 
129.56 
131.82 
114.07 
92.94 
116,59 
115.19 
128.45 
121.68 
91.53 
103.38 
91.82 
82.24 
96.60 
105.90 
83.93 
84.50 
90.23 
87.59 
97.04 
103.38 
91.53 
2869 
2038 
2443 
2818 
2616 
981 
952 
1442 
3069 
1556 
1927 
5304 
1431 
2446 
246 
707 
1103 
1206 
501 
1063 
823 
242 
334 
918 
1556 
721 
582 
5.36 
4.61 
7.17 
13.55 
11.59 
4.50 
3.69 
5.53 
3.90 
3.39 
9.73 
7.85 
3.55 
4 .39 
0.79 
1.39 
3.49 
1.79 
0.70 
2.36 
1.57 
1.63 
1.11 
1.88 
2.56 
2.73 
2.57 
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Tlie area under oilseeds cullrivated is very low and 
corresponds to tnat of high productivity regions. The 
maximum area undt>r oilseeds is in Gursarai oeing 7.17 per cent 
and minimum being 1.73 per cent in Konch block, wnich lies 
in trans- Betwa rpgion in Jalaun district (Pig.11); 
Medium Productivity Regions of Oilseeds 
The regions having medium productivity with index 
values between 92.75 and 110.25 occupy very small area being 
only 7.54 per cent of total oilseeds cultivated area. Out 
of the total 7 blocks, 5 of them are from Banda district, 
one from riamirpur district and lies on the right bank of 
ijhfsjn river, and anottier one lies in extream north in Jalaun 
district. The blocks of Banaa district are located to the 
east of river Ken and three blocks namely, Kamasin, Pahari 
and Kau by on the right bank of Yamuna river in an alongated 
orientation from west to east. The area devoted to oilseeds 
ranged from 0.79 per cent to 11.59 per cent. Comparatively 
largest area occupied by oilseeds was in Baragaon and the 
lowest in Ohitrakut of Jhansi district. 
Low Productivity Iiegions of Oilseeas 
The low prouuctivity regions in oilseeds with a 
maex value of 83.50 to 92.75 are spread over 45.90 per cent 
in Bundelkhand. Out of the total 19 blocks, 8 blocks are 
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from Hamirpur district, 7 block from Banda and rhe remaining 
4 blocks from Jhansi district. Most of these blocks are 
bounded on either side by the river Ken and Betwa and hove 
north-south orientation to extend to the southern and eastern 
borders of Bundelkhand. The index values of Sumerp'ur, Sarila, 
Gohand, Panvari, Charkhari, Muskara, Modalla, Kebraia, 91.54, 
84.21, 85.34, 90.40, 83.93, 87.03 respectively. 
The indices values Jhansi district Chirgaon, 
Mauranipur, Bangra and Earagaon, 90.97, 89.84, 89.00 and 
92.10 respectively. The area under oilseeds 1 to 11 per cent 
of the total cropped land. 
Very LQ-W Productivity Regions of Oilseeds 
The low productivity regions in oilseeds spread over 
9.31 per cent of total oilseeds cultivated land. Very low 
productivity having the index values less 83.50. The blocks 
characterised with very low productivity form isolated 
pockets, 2 of them namely, Kurara and Jaitpur are from 
Hamirpur, Moth and Naraini belong Jhansi and Banda respectively. 
They occupy 13.59 and 9.80 per cent of cropped land in block. 
The block Moth having the yield index value 75.76 and area 
only 0.29 per cent. Naraini block in Banda district x^ a^st 
from Ken river the productivity index value is 82.44 and 
having the area under oilseeds 1.79 per cent. 
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Cash Crops 
Sugarcane and potatoes are considered as cash crops 
on account of their high yields per hectare, and quantum 
of production v;hich the farmer obtains. But the cultivation 
of these crops in Bundelkhand is very limited due various 
environmental factors. Sugarcane and potatoes acquired 
only 7,291 hectares (0.373 per cent) of land in the total 
cropped area. Madhogarh is the only block in Jalaun district 
which had only 5 per cent of area under cash crops. A large 
number of blocks show the area less than one per cent. 
The productivity indices computed for cash crops 
exhibit the areas in which these crops,are grown as very 
high, high, medium, low and very low. The region of very 
high productivity with the index value of more than 112 in 
cash crops occupy 13.20 per cent of the area under cash crops. 
The highest productivity indicated by the index value is 
149.78 in Jakhaora block of Lalitpur district (Table 9). 
Besides 3 blocks having very high productivity, 
there were only 2 blocks categorised as having high 
productivity namely, Gursarai and Mauranipur of Jhansi district 
Fig, 12. I'he productivity ranged between in Jhansi district, 
the values 105.48 and 110.66. 
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Table 8 
Area under different productivity regions 
cash crops in Bundelkhand - 1983-84 
Productivity 
Rank 
Very High 
High 
Medium 
Low 
Very Low 
Index RangB 
112 and above 
112 and 104 
104 and 96 
96 and 88 
88 and below 
Area under 
Pulses 
(hectares) 
963 
15 
5258 
937 
118 
Per-
centage 
13.20 
0.20 
72.11 
12.85 
1.61 
Number of 
Blocks 
3 
2 
37 
2 
3 
A large number of blocks belong to medium category 
and occupy largest share 72.11 per cent in area. They are 
37 in number, and spread over mainly in the districts of 
Hf3nd;i, Hamirpur, Jh;in;;i and Lolitpui'. The medium productivity 
character is designated with the index range of 96 to 104. 
The areas with low and very low productivity in cash 
crops occupy only l4 per cent area in 5 blocks in the Jalaun 
(2 blocks of Konch and Kadora), each one in Jhansi, Banda and 
Hamirpur. The low and very low productivity is chax'acterised 
with the index values, ranged as 88 to 96, and less than 
88 respectively. 
I l l 
Table 
Blockwise cash cropped productivity index, area, 
percentage in Bundelkhand 
iNiame of the Blocks Productivity 
index value 
of cash crops 
Total area Percentage 
of cash crops cash crops 
in (hectare) 'in Block 
4 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
14 . 
1 5 . 
16 . 
17 . 
18 . 
19 . 
2 0 . 
Jakhora 
Talvayhat 
Berdha 
Ba'r 
Plahroni 
Manuwara 
Sumerpur 
Kurara 
S a r i l a 
Gohand 
Rath 
Panvari 
Charkhari 
Muskara 
Maudaha 
J a i t p u r 
Kabrai 
Chirgaon 
Moth 
Gursara i 
149.78 
100.13 
100.38 
100.05 
101.69 
100.29 
101.63 
101.22 
96.86 
99.39 
92.38 
98.64 
102.21 
103.13 
99.66 
100.11 
100.10 
141.50 
99.52 
105.48 
300 
81 
166 
227 
64 
37 
47 
12 
22 
192 
829 
324 
153 
53 
54 
416 
152 
24 
21 
5 
ntd 
1.50 
0.41 
0.73 
0.73 
0.19 
0.15 
0.81 
0.04 
0.05 
0.47 
2.51 
1.33 
0.26 
0.11 
0.01 
0.01 
0.28 
0.05 
0.03 
0.09 
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•i. a u x c 
1 
2 1 . Bamaur 
22 . Mau-Ranipur 
2 3 . Bangra 
24 . Babina 
2 5 . Baragaon 
26 . Rampura 
27. Madhogarh 
28 . Kuthond 
29 . J a l a u n 
30. Nadigaon 
3 1 . Konch 
32. Dakore 
33 . Mahev/a 
34. Kadaura 
35 . Chi t rakut 
36. Pahar i 
37. Manikpur 
38 . Nara in i 
39. Mahuwa 
40. Kamasin 
4 1 . Beberu 
42 . Besunda 
4 3 . Jaspura 
44. Tindwari 
4 5 . Barokhar Khurd 
46. Mau 
47. Ramnagar 
2 
99.40 
110.66 
100.28 
29.85 
99.95 
128.33 
100.16 
99.27 
100.98 
100:30 
85.44 
100.54 
101.42 
75.16 
99.97 
99.46 
99.96 
99.97 
100.30 
100.34 
96.17 
95.43 
99.25 
97.77 
98.15 
100.32 
99.96 
« • / 
3 
10 
27 
250 
27 
188 
639 
1289 
359 
16 
68 
49 
42 
14 
12 
78 
58 
50 
267 
277 
23 
41 
108 
4 
27 
52 
124 
95 
4 
0.01 
0.12 
0.07 
0.12 
0.71 
2.98 
5.00 
1.39 
0.02 
0.15 
0,12 
0.06 
0.09 
0.02 
0.25 
0.11 
0.15 
0.39 
0.38 
0.05 
0.07 
0.61 
0.01 
0.05 
0.08 
0.47 
0.38 
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Crop Productivity Regions - Composit Yielu Index 
Finally, in order to eliminate the variations which 
applied with the individual values of crop yield index under 
cereals, pulses, oilseeds and cah crops, an attempt was made to 
aggregate the individual values of productivity indices ta 
get coraposit values from the respective crop yield indices. 
Table 11 show the composit crop yield indices, and Fig.13 
is based on Table 10 It is evident from Fig. 13 that 
there appeared again 5 district categories of productivity 
variations i.e. very high, high, medium, low and very low. 
Table 10 
Area under different productivity region -
composit index in Bundelkhand 1983-84 
Productivity 
Range 
Very High 
High 
Medium 
Low 
Very Low 
Yield Index 
121 and above 
121 - 112.50 
112.50 - 95.50 
95.50 - 87.00 
87 and below 
Area of 
productivity 
Regions 
'hectare) 
243355 
328338 
1144288 
125579 
110166 
Per-
centage 
12.46 
16.82 
58.62 
6.43 
5.64 
Number 
of 
Block 
7 
8 
26 
4 
2 
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Very Higti Productivity Regions 
The areas having the very high productivity more 
than index value of 121 are confined mainly to the districts 
oX Lalitpur, Jalaun and Banda. Out of 7 aevelopment blocks, 
4 belong to Lalitpur and one each lies in the districts of 
Hamirpur, Jalaun and Banda. The share of this category in 
the total cropped area accounted for 12.46 per cent. The 
highest index value 178.51 is found in Mahroni block of 
Lalitpur district. 
High Productivity Regions 
The high productivity regions occupy 8 development 
blocks. These blocks are confined in trans- Betwa region in 
Jalaun district. The high.productivity is characterised with 
having tne index value of 112.50 to 121. The 7 blocks belong 
to this category are: Rampura, Kuthonth, Nadigaon, Konch, 
Dakore, Mahora, Kadora in Jalaun, and Bor in Lalitpur district. 
The share of tnis category in the total cropped area accounted 
for 16.82 per cent (fable 10^. 
Meaium Productivity Regions 
The medium productivity regions occupied largest 
area of total cropped land. The medium productivity regions 
covered 58.62 per cent in 26 blocks. They are spread over 
extensively in almost all the districts with exception of 
116 
Jalaun. Out of 26 development blocks, 9 belong to 
Hamirpur, 5 to Jhansi and 10 to Banda district, There is 
only one block of Talvayhat of Lalitpur district. All of 
these blocks classed under the medium productivity 
possessed the index values ranged from 95.50 to 112.50, 
Low and Very Low Productivity Regions 
There is an insignificant area under the low and 
very low productivity regions. The total area in 6 blocks 
of low and very low was 12 per cent of total cultivated 
land. The areas of low productivity are confined to 
k development blocks, two namely, Moth and Babina are, 
Kurara (Hamirpur district) and Mau (Banda district) with 
the index values ranged between 87 to 85.50. 
The two blocks of Jalaun and Manikpur of Jalaun 
and Banda districts represented very low productivity. The 
blocks with the index values of 52.59 and 76,87 respectively. 
Thus, it is evident from Table 10 that about 
one-third of the area in Bundelkhand is possessing very high 
and high productivity (12.46 and 16.82 per cent respectively; 
about 12 per cent is characterised with low and very low 
productivity. In between two extrames lies the third 
category of areas having the productivity measured as 
medium. The pockets of very high and high productivity by 
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in areas possessing alluvial, black and loamy-grey soil 
groups which have sufficient amount of nutrients needed to 
crops. In these areas the irrigation facility also better 
comparatively other parts of Bundelkhand. The areas of low 
t 
and very low productivity are confined mainly in the regions 
having the soils made up of disintigrated sand stones 
(Bhonta soils), coarse grained red soils (Rakar). All these 
soils where the productivity is low and very low lack of 
nutrients needed to crops. Mostly the deficiency of nitrogen. 
The soils are coarsetexture so they are less retentive of 
moisture. The soils are alkaline and pH value is also very 
high. Lack of irrigation and management facility. 
Table 11 
Blockwise composit yield index, area and 
percentage in Bundelkhand - 1985-84 
Name of the Blocks Composit yield Total cropoed 
ind':x of area of Block 
productivity (in hectare) 
1 2 3 
1. Jakhora 
2. Talvayhat 
5. Birdha 
4. Ear 
136.42 
100.17 
138.87 
112.50 
contd 
88541 
19439 
22600 
50695 
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Table 11 (Contd, 
1 
5, Mahroni 
5 . Manu-wara 
7- Sumerpur 
8 . Kurara 
9. S a r i l a 
10. Gohand 
1 1 . Rath 
12. Panvari 
13. Charknari 
14. Kuskara 
15. Modalia 
I D . J a i t p u r 
17. Kebraia 
13 . Jhirgaon 
19. Moth 
20. Gursara i 
21 . Bamaur 
22. Mauranipur 
23 . Bangra 
24. Babina 
23. Baragaun 
2fa. Rampura 
178.51 
124.59 
101.86 
92.03 
106.41 
93.14 
98.71 
102.63 
100.36 
101.74 
100.74 
154.09 
97.28 
103.66 
105.70 
93.15 
95.91 
97.28 
98.21 
92.49 
106.43 
115.71 
23592 
23779 
45221 
24850 
38777 
40616 
32960 
34357 
56725 
44868 
64428 
29053 
53438 
40928 
53574 
53960 
53483 
44161 
34044 
20797 
22571 
21576 
Table 11 (Contd ) 
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27. 
28. 
29. 
30. 
3 1 . 
32. 
33 . 
3A. 
35. 
36. 
37. 
38. 
3 ^ . 
^Mj. 
4 1 . 
42. 
43. 
44. 
45 . 
46. 
47. 
Madhogarh 
Kuthonth 
Ja laun 
Nadigaon 
Konch 
Dakore 
Mahewa 
Kadaura 
Cni t rakut 
Pahar i 
Manikpur 
Kara in i 
Mahuwa 
Kamasin 
Beberu 
Bpsunda 
Jaspura 
rmdwar i 
Baroknar Khura 
Mau 
Ramnagar 
126.23 
116.32 
52.59 
114.95 
112.32 
112.75 
11 5.08 
119.27 
108.00 
108.34 
76.87 
105.21 
103.24 
105.21 
103.24 
101.38 
125.19 
100.74 
102.60 
92.42 
109.07 
25770 
26040 
78583 
45854 
40719 
67515 
40308 
55631 
30896 
5059 
31583 
67247 
71088 
44867 
52335 
59013 
30019 
^8722 
60599 
^o3>3 
24472 
PART I I I 
CHAPTEil V 
AGitlGULTUxlAL PRODUCTIVITY VARIATION AND THEIn 
DETLRMINANT3 IN BUNDELKIIAND 
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THE DETERMINANTS OF AGRICULTURAL PRODUCTIVITY 
There are number of factors which act as the 
determinants in the plant growth. The growth of plant as 
well as the cultivation and quantum of production depends 
upon physical, certain institutional and the technological 
factors. Among physical factors, the amount of rainfall, 
temperature, and sunshine all of these are responsible for 
the growth of crops. The formation of soil and constituent 
nutrients determine the yield of crops. Among the technological 
determinants responsible for higher agricultural productivity 
are high yielding varieties of seeds, manures, fertilizers, 
implements, use of insecticides and pesticides and other 
management practices. Ownership of land, size of holding 
and tenancy are some of the important institutional 
determinants that also affect the productivity. As it has 
1 
been stated by Stamp, "Crop productivity per unit area depend 
partly on the natural factor of soil and climate and partly 
on the management and organization of formers". 
The environmental factors are the major deciding 
factors in the agricultural development. The climate of a 
region governs the type of crop and related yields that can 
be grown in it. The climate of a regions constituted by 
temperature, sunshine, rainfall, vind, and precipitation. 
For the optimum growth of a crop all the factors must be in 
balanced form as per requirements of the crop. 
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All of the plants netni certain temperature 
conditions lor growth. In combination with abundant 
temperatures and pr-^cipitatiorj mroughout the year, growtn 
01 plant may oe suffici^nrly enough. Jaily range of cemperature 
affects cropping systems, yields per nectare and finuH.y cno 
crop quality. For example, potatoes do well only m areas 
whion ore cijaracterised with cooler nights and warmer days; 
corn can well be cultivated advantagiously in areas where 
days and nights are warm. For tne cultivation of wheat low 
winter temperatures are most suited, and the crop can be 
grown successfully. The hours of sunshine affect the 
cuitivaLi.'n of crop by two ways: i) by limiting the number of 
crops tridC can ue grown profitably, and ii) by affecting the 
2 
yieia of crops grown. Therefore, the agricultural potentij.lity 
of an ar.-^a is determined by only few possible hours of 
sufiorun". Til second affect ir on t^.p' yi'">lc., and consiqu ntly 
,ne ]. r'Di i-ability. Unas, the duration of sunsnin'^ is an 
imporUitit factui' in r'.'ilizirig t:. ag ficaiturol I'v^ t'-niials of 
an di'oj. 
^ . g r i c u i t u r j aioO s u i i e r s v e r y o i t e r . uy f r o s t 
occui ' i n c L j . JrtO Kiri^iij o^ l i 'OJ^u 7,3j r.e c i s l i n ^ u s n e i : 
i ; advcc i i o t j o r a i r m a j s I r o s t , wnich I ' e s u i c s w u n trie 
~eif.^-'racur^ a t tne s u r f a c e m an air . . ,a£c ^s O J I J W i r e e z i n , ^ 
: o i r i t , ana l i ; r a d i a t i o n f r o s t , w n i c g e n - r a l l y o c c u r s m 
oiOi . o h i g n t s witri J temi >>rature i n v e r i . i o n ana u j u a l l y 
122 
results in formation of rice crystals, than can wipe out 
fruit or berry by a single hard frost. This hazard is 
greatest during critical stages of plant growth. Crops 
like potatoes, tomatoes and melons are vulnerable right upto 
their maturity. The flowering stage is a critical period 
for most crop grown in fields or in orchard. 
Rainfall is the most important climatic factor 
affecting the agricultural productivity. Rainfall supplies 
moisiure ro the soils for crops and grass lands. The 
raoisrure supply to soil, however, does not depend on rainfall 
alone, but also on various other factors concerned in the 
3 
hydrological equation, which may be expressed as 
P = .. (- R 1 J + b 
where 
P = precipitation 
< > V3 (lO t r i n ,sp 1 ra t lun, 
R = rui 'face run-off , 
~j = the ra inwater which d ra ins boyond trie root 
range of p l a n t s down in to the deep s u o - s o i i 
on tne parent rock, and 
o = trie amount of water s to red m tne s o i l . 
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The extent to whicti the roir)foll in any avja can 
provide soil moisture available to crops zhcTotorc depends 
nor only on the total amount cf rainfall per annum, but 
alyo upon its seasonal distribution, its reliability within 
and between seasons, its intensity and rate of infilti-jtion 
into the soil, and on the oalance between rainfall and 
evapo-transpiration from the crop and soil. 
wind affects productivity indirectly through the 
ti'ansport of moisture and temperature properties of the 
air, movement of air increases the evapo-transpiration. It 
may speed up chilling of plants or, on occasion can prevent 
frost. Continuously strong winds affect the plant structure 
OIKJ tne pollination activities of insects. In protected 
valleys and lee-slopes crops are easily damaged by wind. 
rhe best permanent wind breaks made by man are rows of trees 
planted perpendicularly to the sides of prevailing winds. 
In the stages of growth plant requires, a balanced 
amount of temperature and moisture either through rainfall 
or by irrigation. i^cessive amount of water in the soil 
alter various chemical and biological processes, limiting 
the amount of oxygen and increasing the formation of 
compounds that are toxic to plant roots. The occurance of 
hign huraiditi' s over a long period combined with hign 
temperatures, favours rapid development and spread of fungus 
124 
4 
uiseases of crops and of moulds on stored produce. oriow, 
sleet and freezing rain are threats to withering plants. 
Another important factor v/hicti determines tne 
productivity is soil. It is tne fertility of soil., whicr. 
control plant growth. The soils having all essential 
elements in forms readily available to plant are said to be 
productive ones. There are productive soils which support 
luxuriant growtn of crops and others unproductive the 
support almost no useful plant life, regardless to what 
is done to them. In between these two categories of soils 
lie the majority of soils, which must be fertilized, 
irrigated and drained to mak:o them desirably productive. 
Too litcle amount of calcium even for a day may reduce crop 
yiela. If the soil is hard and crusty so that it is too 
wet after a rain and too dry a few days lattr plant growth is 
stuii'ed. x'o'be more specific, all crots needs ihe, same 
Kiiid of elements in aldition to water and aii" out they diff'-r 
in tri- relative amounts of their requirements of thi'i.e element: 
For example, bajara, lucerne and rice all require tne same 
ele.neiits, as well as, air and wa:er. But Laj^ra can be 
gi'ow on soils whicn have very low amount of nutrie-nts -jn^  
water, while luc_rne requires a very icrtiie soil whlcn 
is constantly moist. Un uie othei' hand i.ucerne and ric^ .' botn 
have a high warer requirement; but lucerne must nave plenty 
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of air mixed with the water, where as rice doej better 
when the soil is flooded with water. The soil consists of 
four major components: mineral matter, organic matter, 
air and waier. Mineral matter, forms the bulk of tne soil 
r 
solids (by weight about 90 per cent). Py volume the air-
ary soil contains 4p-50 per cent mineral matter, air about 
40 per cent, water !^ -10 per cent and organic matter 
5 
4 per cent. Physically the soil consists of stones, large 
pebbles, dead twigs, roots, leaves, coarse sand, fine sand, 
jilL, clay and humus. 
Tn" essential elemr^nts of plant growth are: carbon, 
hydrogen and oxygen from air and water, phosphorus, 
potassium, sulphur, calcium, iron, magnesium, boron, maganese, 
copper, zinc, molybdenum and chlorine from the soil, and 
nitrogen fiom botr^  soil and air. Litrogen, phosphorus and 
sulphur in soils are constituents of organic matter. These 
three nutrients become avnilabli' to plants only after 
biological decorpobition. 
The nutrient supplying power m sand and silt i very 
lo»v D 'Cause they are composed mostly of reiativ^l' 
undecom^osed primary minerals; whereas, clay is coi ^ O^oed of 
secondary weathered minerals and nydrou^j oxides of iron end 
aluminium and tnerefore nas a greater p0l^ er to supply 
nutrients to plants, ihosphorus LS taKen into tne soil m 
the water solubl^^ f--^on tlie soil solution. Potassium 
125 
occurs in the soil mostly as a constituent of primary 
minerals that exist in sand and silt particles. Calcium and 
magnesium in soils occur in both slowly as well as readily 
5 
soluble minerals and rocks. All these elements are needed 
by plants in substantial quantities, whose lack often lim.it 
crop production. Requirement of these elements vary 
according to the different crops. One plant species may be 
several times richer in a particular element than the other. 
The higher the yield of a crop, the greater the demand 
for all the necessary elements. 
Physical pi'operties of the soil greatly influence 
the plant growth. It also influences the chemical and 
biological behaviour of the soil. The physical properties 
of tne soil depend on the amount, size, shape, arrangement 
and mineral composition of its particles, the amount of 
organic matter and volume of its pores. Important pnysical 
properties o£ soil are textui-e, structure, it'nsity porosity, 
consistence, colour and temperature. Soil texture refers to 
tne relative properties of sand silt and clay tn^t are 
present in the soil. A large amount of sand in a soil will 
make it coarse and gritty. Such soil is light and may be 
called sandy or sandy loam. If silt is present in large 
quantities, the soil is of medium textured and may be culled 
silt loam or loam. On the other hand, a large amount of 
clay in a soil makes it sticky when wet and hard when dry. 
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;Juch soil i'J ht>avy and may be tei'iri'^d ciay or clay loan;. 
For determination of suitability of agriculture the medium 
texrured soil is considered the best in respect of moisture 
holding capacity and aeration of plant roots. Soil structure 
refers to the way in which individual soil particles are 
joined into clusters and separated from other clusters. The 
four primary types of structures are granular, blocky, platy 
and single grain. The type of structure has a tremendous 
effect on the permeability of soil. The capacity of a soil 
for tne growth of plants depends as much on its structure 
as on its nutrient contents. Soil structure has a direct 
relationship to soil productivity, soil permeability and 
root growth. The colour of the soil varies widely amongst 
horizons of a soil profile. The colour of the top soil is 
inaicated by the drainage of the area. Well and moderately 
well drained soils have generally a uniform brown colour when 
moist but in some cises therf may be various shades of r-'d 
or yellow. A pale or c'^-^'Y denotes poor drainage for long 
periods. A block surface usually indicates that the land is 
eitner rich in organic matter or nas remained wet for long 
periods. The growth of plant influenced oy ternperatur-:. 
fne pr'imary source of soil heat is roc'^ived by the r .viiation 
of the bun. The ooil temperature is dependent en the rieat 
that enters the soil is controlled by climate, colour of 
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soil, altitude and aspect of the land and the vegetation 
cover present on the soil. 
Through loss of soil under vegetation cover is 
minimum, but lands must be cleared of vegetation and cultivated 
to feed the ever groYiing human population. Soil erosion is 
the wearing and removal of the soil from the land surface 
by various natural agencies such as running water, wind, 
glaciers and waves. Under normal, physical biotic and 
hydrological equilibrium in nature, the erosion that takes 
place is normal or natural, where in soil removal is fairly 
balanced with soil formation processes. When this balance gets 
disturbed by man's exploits and by natural calamities the 
soil loses its resisting power and eroding agencies become 
more active and cause accelerated erosion. 
Soil erosion is affected by a number of factors. 
Such as: 1) climate, ii) topography witn special reference to 
nature, aegroo and I'^ ngthi of slope, iii) physical and chemical 
characteristics of Luil, iv) nature and extent of jrouna 
cover, /) natural phenomena sucn ^s earth Quakes, u^ .riJavjis 
and Ijaaslides, vi) tne land use and farming practice. 
irecipitation is tne most effective factor cajsing 
erosion cniv ^ h^ excessive run-off. fhe higher the raiiJ'-jll 
mtenbiLy 'CKJ greater wili oe ctie volum-j of r^n-off wat T 
p.-r unit tin.^ . Run-off tnat causes erosion is depenuent ou 
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amount, duration, intensity and frequency of the rainfall 
and also the time of the season when rainfall occurs. Slope 
accelerates erosion as it increases the velocity of the 
following water. On a smooth surface of uniform slope the 
velocity of run-off is theoretically doubled if the slope is 
increased four times, and the longer the slope the greater is 
the volume of water which accumulates and the higher the 
velocity it attains. Soil erosin is also influenced by the 
nature of soil, particularly its texture, structure, organic 
matter, the nature of the clay and the amounts and kinds of 
salts present. 
Fine te:>ctured sandy soils are readily eroded because 
of their limited and unstable aggregates. Impermeable clay 
quickly become saturated and are unable to accept further 
infiltration of rainfall with resulting run-off. Erosion 
exceeds in declining fertility. A decline in nutrient status 
of the soil may indirectly increase erosion by reducing the 
growth and density of cover of the crops, and the amount of 
organic matter returned to the soil in crop residues. The 
presence of vegetation cover acts as an erosion - retarding 
factor. Closed forests and grasses provides the most effective 
production than cultivated crops. Faulty methods of 
cultivation are condusive to erosion, such as the cultivation 
of crops on mounds or on ridges runnings up and down the 
slope. 
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By erosion the top soil is lost and its fertility-
declines. The annual loss of fertility by erosion is twenty 
times faster than what is removed by the crops. As the water 
continues to carry away the top soil, the productivity of 
land declines. Erosion not only reduces yields on denuded 
slopes but may also lower the productivity of level lands 
below as a result of floods depositing large quantities of 
coarse sand, gravel which bury the surface soil of the lower 
land. Cutting of river banks may destroy good agricultural 
land and floods may damage crops. 
The basic aim of soil and water conservation is to 
reduce soil losses and to maintain the overall productivity 
of the soil. The most important requirement is to keep the 
land under cover for as long a time as possible and to 
encourage more water to enter into the soil and to reduce the 
amount and velocity of run-off to a minimum. Cbmmonly used 
practices in soil and water conservation are strip cropping, 
crop rotations, mulching the planting of grasses and trees, 
colour tillage, contour bounding, teraccing, the construction 
of pond and reservoirs and the control of gullies and stream 
bank. 
In the strip cropping narrow strips of different 
crops are planted on the contour. Strips of erosion permitting 
crops like cotton and sorghum being separated by strips of 
erosion - checking crops like groundnut, other legumes and 
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grasses. The soil erosion that occurs in soil exposing 
strips are to a great extent checked and held in the next 
soil protecting strip. The crops of the two strips should 
not have the same planting and harvesting times. Strip 
cropping is often used in conjuction with contour terracing 
in which the width of the strips being adjusted to the 
terrace interval. Mulching is effective in reducing run-off 
and erosion since it protects the ground through vegetable 
trash, slow up the movement of water over the surface, and 
improves the permeability of the soil. This is done by 
inhancing the soil organic matter content and by promoting 
increased termite earthworm activity, which provides many 
channels for the percolation of water. Rotation means growing 
a set of crops in a regular succession over the same field 
within a defined period of time. Continuous growing of 
cultivated crops cause more erosion. A good rotation should 
include an open row crop, densely planted small grains, a 
spreading legume, or legume grass mixture and a deep rooted 
crop. Rotations help removal of nutrients in a uniform way 
from greater depth, keep the field covered for a longer 
period of time, and reduce erosion. The roots of the 
grasses lightly bind the soil against erosion, increase 
water infiltration, and improve physical characteristics of 
soils. Grasses can be grx)wn on lands which are not suitable 
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for cultivation. They are also used in protective bunds, 
water ways, highway alingnments, badly eroded areas, gully 
control, and for stabilising sand dunes. Ploughing and 
cultivating on the contour is one of the simplest and 
cheapest conservation measures. This practice of not reduces 
erosion but also has the merits of interfering very little 
with farming operations, and of saving power and wear on 
machinery. On gently sloping land and in low rainfall areas, 
cultivation along contours alone Is fairly effective for sol] 
and water conservation. It is also used in combination with 
other measures such as teraccing, bunding and strip cropping. 
In the practice of contour bunding, the slope of the land 
is broken up into smaller, more level compartments by 
constructing earthen embankments of suitable size on contours. 
Each bund thus holds the rain-water within each compartment. 
In low rainfall areas, level bunds are preferable to help 
Increase moisture absorption. In high rainfall areas, the 
bunds are slightly graded longitudinally to permit the safe 
disposal of excess water. The principles and purposes behind 
terracing are the same as for contour bunding. But terraces 
are built as broad based alternating channels and ridges laid 
across the slope, and these ridges and terraces can also be 
cultivated and crops planted on top of them. Level, 
retention type terraces are built in low rainfall areas to 
conserve more moisture, and slightly graded ones are built 
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in high rainfall areas for safe disposal of excess water. 
Bench terracing is the oldest mechanical conservation 
measure. They are laid on contour in the form of a series 
of step like platforms. The forward banks are never 
cultivated being constructed as nearly vertical as possible. 
These are used on steep or very steep slopes. To control 
and stabilise gullies, requires diversion bunds and channels 
to controls the extension of gullies. The gullies should 
be established under permanent grass and tree vegetation. 
Indian soil are usually very poor in organic matter 
as well as in nitrogen. It is due to constant cultivation 
that they are loosing organic matter faster that it can be 
replaced. Manures are relatively bulky materials which 
includes green manure, farmyard manure, compost, sewage, 
seaweed etc. 
Green manuring is the principal supplementary 
means of adding organic matter to the soil. It is also 
useful as a means of conserving the nitrates accumulated in 
the soil during a fallow period, if a rotation crop is not 
planted before rains. The rains would washout the nitrates 
from an uncropped soil, but a green manure crop planted 
after a fallow absorbs the nitrates and holds them in its 
own tissues until it is ploughed under. The green manure 
crop supplies organic matter as well as additional nitrogen, 
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particularly if it is a legume crop. A leguminous crop 
producing 8 to 25 tonnes of green matter per hectare will 
Q 
add about 50 to 90 kg. of nitrogen when ploughed under. This 
amount would equal an application of three to ten tonnes of 
farmyard manure on the basis of organic matter anci its 
nitrogen contribution. The green manuring crops also exercise 
a protective action against erosion and leaching. The most 
commonly used crops in green manuring are sun hemp, dhaincha, 
cluster, bean, senji, cowpea, hourse-gram, pillipesara and 
berseem. The yield increased by 30 to 50 per cent after 
9 
green manuring; The fertilizing value of the legume crop 
can be increased a great deal by manuring it with supper-
phosphate. This practice not only increases the phosphorus 
content of the green manure plants, but also encourages their 
plant growth on the whole, thus converting an inorganic 
fertilizer into an organic manure. The process is not always 
successful for unlike an application of farmyard manure, it 
does not seem able simultaneously to raise the organic matter 
content and at the same time to increase the supply of available 
nitrogen. If the green material is old and fiberous it 
increases the soils store of humus but adds little available 
nitrogen on the other hand if the green crop is young and 
succulent it may increase the amount of available nitrogen 
but add little to the soils store of organic matter. 
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An average sample of dung contains about 1 per cent 
of nitrogen, 0.3 per cent phosphoric acid and 1 per cent 
potash under European conditions, whereas under Indian 
conditions it contains 0.3 per cent nitrogen, 0.15 per cent 
10 phosphoric acid and 0.3 per cent potash. The presence of 
these nutrients does not mean, hcwever, that they are in an 
easily available condition. Most of the nitrogen is dung 
is contained in organic forms and some only becomes readily 
available for crops. Like^ vise the phosphate and potash are 
more slowly available than those in fertilizers. 
Farmyard manure can be applied to all crops, 
though there must be adequate moisture in the soil for the 
proper decomposition of organic matter. There are five 
points with regard to the humified organic matter in it which 
much be borne in mind. Firstly, this constituent exerts a 
profound influence on the tilth of the soil. 
It opens up heavy soils by a mechanical loosening 
effect, it increases pore space and stabilizes the soil 
crumb, improves drainage and ventilation thus favouring the 
activity of micro-organisms. Light soil cohere through the 
presence of colloidal humus matter, the pore space and 
permeability are reduced and water-retaining power increased. 
Secondly, its content of nutrient compounds makes an almost 
permanent addition to the fertility of the soil which, by 
its continuous use, is considerably increased. Thirdly, it 
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provides a source of energy for the beneficial micro-
organisms in the vicinity of the plant roots. Fourthly, 
either by reason ot its own composition, or by some action 
on the soil as yet not understood, it makes available 
major nutrient elements like magnesium as ><ell as trace 
elements to overcome conditions of deficiency affecting the 
growing crop. Finally, considered as a whole, the use of 
farmyard manure is probably the best means of maintaining 
fertility, for it mitigates to a great extent the effects 
of seasonal variations in weather, and in any one year it 
11 gives the most equable effect. 
The use of fertilizer has been a major factor in 
raising agricultural productivity. Infect the level of 
fertilizer use per hectare of cultivated land is closely 
linked to the level of crop production per hectare. The 
scope for increasing production by bringing more land under 
the plough, particularly in developing countries like 
India, is extremely limited and the only hope for the future 
lies in increasing the production per unit area. Fortunately, 
the experience with high yielding varieties of food crops 
has given us confidence that the scope for increasing 
production by breeding and utilizing fertilizer responsive 
varieties is very large. After getting a suitable variety, 
the next input which can on a massive scale, bring about 
an increase in production is fertilizer. A study of the 
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progress in developed countries shows that they have 
achieved remarkable results by increasing the consumption 
of fertilizers per unit area. Thus while on the one hand 
efforts are continually being made to evolve new varieties 
which have many more times the production potential than 
the older ones, on the other hand, for exploiting the 
potential of these varieties, agronomic practices have to 
be evolved, based on the use of fertilizers and manures, 
12 
especially the nitrogenous ones. 
Fertilizers are often regarded as substitutes for 
animal manures, but that is not a correct interpretation of 
their purpose. Animal manures improve soil conditions and 
supply nutrients, but they are essentially the by-products 
of any particular farm. The use of commercial fertilizers 
makes it possible to introduce extra supplies of nutrients 
into the cycles of growth and decay and so improve fertility. 
Animal and green manures contribute directly to the soil 
organic matter, and fertilizers do so indirectly by increasing 
the quantity of crop residues available for incorporation 
13 
into the ploughed lands. Plants require sixteen elements 
for their growth. These are carbon, hydrogen, oxygen, 
nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, 
iron, boron, copper, manganese, zinc, molybdenum and chlorinic, 
The first three elements are obtained by air or water. 
Nitrogen, phosphorus and potassium are required by the plant 
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in large amounts and are known as primary nutrients, while 
calcium, magnesium and sulphur are secondary nutrients. The 
requirement of these nutrients is generally supplied by the 
use of common nitrogen, phosphorus and potassium fertilizers. 
Calcium and magnesium is applied in acid soils. Some soils 
are low in sulphur. The amount of sulphur supplied in 
superphosphate is adequate for most crop needs. 
The quality of fertilizer to apply to each crop 
depends upon the level of the nutrients in the soil and the 
crop requirements. Lack of nitrogen results in poor growth 
of the plant, and a uniform yellowing of the leaves. In the 
regions of heavy rainfall, nitrogen is rapidly leached from 
the soil. Rice, millet, sorghum and sugarcane have all been 
shown to give increased yields from the application of 
nitrogen fertilizers under certain conditions. When the 
annual application of nitrogen ceases, the yield drops rapidly 
in the following year and to a lesser extent in the subsequent 
years. Eroded soils tend to deficient in nitrogen due to 
the loss of the more active and fertile top soil. Lack of 
phosphate is often associated with a purple leaf colour, 
particularly at the edges, but in certain crops such as cotton 
and tobacco the leaves become dark green. In rice growing 
areas phosphate is often as important as nitrogen. Phosphate 
increases the rooting and tillering of rice, making it more 
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resistant to v/ater shortage. In sufficient potash causes 
a scorching of the leaf edges of many plants including 
tobacco, cotton, maize, groundnuts and many fruit trees. 
The effect of potash on sugarcane varies with the soil 
and rainfall. The sugar content of the cane is f'requently 
increased by the use of potash. 
The high yielding varieties of crops offer an 
unprecedented opportunity for a break through in agricultural 
productivity. If used with suitable combination of their 
inputs - in particular, fertilizers, water, and crop 
protection chemicals - they are capable under favourable 
conditions of raising yields several folds, compared with 
those of local varieties. The new varieties may be superior 
to the old ones in three different ways, yield capacity, 
14 
cultural reliability, and quality of product. 
The performance of any improved variety must be 
considered in relation to a given ecological and agricultural 
environment. A variety may produce high yields under certain 
condition and may fail under different ones. Another 
variety may give the safest yield but not the highest. 
Thus the task of crop improvement in increasing productivity 
is to search for plants producing a maximum of economically 
interesting plant parts under given agro-ecological 
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I 
conditions (light, temperature, water, nutrients etc.) and. 
I cultivation practices. Less progress has been made in 
; breeding improved varieties of crops other than cereals, 
I 
. Since the high yielding varieties of cereals make it possible 
I 
I to grow a country's cereal requirements on a much reduced 
area, land -will be freed for such alternative crop as pulses, 
i vegetables, and animal feed stuffs. These crops will not 
! 
' be grown, however, unless varieties are available whose 
high yields make their production as profitable as that of 
cereals, 
I 
I The high yield potential of the new cereal 
varieties can be achieved only if they are used in conjunction 
] with adequate inputs of fertilizer and water, careful 
, attention of crop protection, and generally high standards 
of farming. For most traditional varieties of wheat and 
rice, fertilizer responses fall off at about 40 to 50 kg 
i 
/ 
of nitrogen per hectare. For the hia'h yielding varieties 
the response increases upto 100 kg z^ir more. In India 
recommended fertilizer doses for the Kexican wheat are 
80 to 120 kg N, 40 to 60 kg PpO^ ^ nd about 40 kg K2O per 
15 hectare. Water availability andj management are perticularly 
important, ) 
I 
I 
\ 
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Mexican varieties oi wheat should receive at least 
two or more irrigations than the local ones. In some areas 
of rice fields the problem is an excess rather than a 
deficiency of water. For example, because of deep flooding 
the new short strawed varieties cannot be introduced without 
improved water control. Pests and diseases are another 
problem. In addition to close attention to crop protection 
measures, it is essential to develop a number of disease 
resistant varieties. Better cultivation practices are also 
needed while introducing the high yielding varieties. 
Agricultural productivity is greatly dependent on 
the availability of water and its pix)per use and management. 
Irrigation is the controlled application of water to crops, 
to supplement the available soil moisture. It is not a mean 
of making the deserts fertile. Assured and controlled water 
supplies are one of the essential requirements for the 
achievement of the full potential of the new high yielding 
varieties of cereals and other crops. The affect cf irrigation 
on productivity is such that the 10 per cent of cultivated 
land that is irrigated may be roughly estimated to contribute 
1 f) 
about 20 per cent of total agricultural production. 
In many arid areas agricultural production cannot 
be possible without irrigation, and in many other areas 
supplemental irrigation makes it possible to maintain 
production at reasonable levels and to avoid crop failures due 
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to unstable rainfall. The most suitable irrigation policy 
will, of course, vary from one area to another. 
India can be divided into three broad groups of 
areas according to the character of the water supply and 
the stability of production, and that different policies are 
17 
required for each of these areas. The first are areas 
"where there is an assured water supply both in volume and 
in spread either from assured rainfall or from sources of 
irrigation (e.g. tubewells, deep bore wells, canals from 
snow-fed rivers or storage dams) which are not unduly 
dependent on the vogaries of the monsoon". Here irrigation 
policy should be intensive and productivity oriented, aiming 
to maximize yields per hectare, for example thJ-^ Dugh multiple 
cropping. In the second group, where the water supply 
(either from rainfall or irrigation) is largely dependent 
on the monsoon and thus subject to wide fluctuations, the 
policy should be mainly protective, including the provision 
of mobile pumps for use in unusually dry spells and the 
use of drough resistant varieties. In the rhird group of 
areas there is no dependable irrigation and rainfall is 
scanty and precarious, and the main effort should be on 
contour bunding and contour cropping, dry farming practices, 
enclosures and controlled grazing, so as to maximize returns 
per unit of water. 
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While the expansion of the irrigated area can 
greatly increase agricultural productivity, much can also 
be achieved by increasing yields on land already irrigated. 
Bringing ne\v land under irrigation is usually both time 
consuming and costly. Increasing yields on land already 
irrigated contributes to maximizing the returns from costs 
that have already been incurred. Improvements in irrigation 
efficiency or supplemental irrigation can double or triple 
production in many existing irrigated areas. Expensive 
irrigation works will not pay unless the water is used with 
maximum efficiency, which entails the intensive use of other 
inputs. 
Mechanization of agriculture has resulted in 
increased agricultural productivity and reduction of costs. 
By mechanization we mean the replacement of animal and 
human power by machinery wherever it is possible. Ploughing 
is to be done by tractor, sowing and putting of fertilizer 
by the drill, and reaping and threshing by the combined 
harvest - thresher, and so on. Thus mechanization of 
agriculture stands for the use of machinery in all fanning 
operations, ranging from ploughing to the marketing of the 
produce. 
Machines work faster and work accurately. Man by 
himself can produce only very little but with the help of 
machinery he can produce much more. V/hat a farmer with a 
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pair of bullocks can plough in ten days, a tractor can do 
in one day and far deeper too. Secondly, farm machinery 
has relieved man of much of the heavy work. For instance, 
land reclamation, digging and carrying ploughing etc. are 
all heavy jobs. Output per hectare as v^ ell as per'man can 
be increased. The cost of production is reduced. Finally, 
mechanization will create employment opportunities in 
industries, transportation, etc. and therefore, those thrown 
out of employment in agriculture will be employed. 
Technological improvements cannot be accomplished 
unless people are willing to change production methods. We 
know that all farmers do not employ the most modern 
technology at any point in time. This often results from 
the fact that farmers frequently associate an increase in 
risk with a change in technology. They have learned from 
past experience that it is possible to subsist with the 
methods of production they have used for many years. Further-
more, many farmers have very little wealth and low incomes. 
They are not willing'to risk the loss of their wealth to try 
out new methods which have not proved superior to zhe ones 
previously used. For example, when a tractor is substituted 
for work stock on a farm, it is no longer necessary to produce 
feed and fiber for the work stock. Inputs formerly devoted 
to this purpose can be used for more productive employment. 
145 
However, risk is increased because gasoline, oil and repairs 
must be purchased where grain and hay for feeding the catties 
were formerly produced on the farm. A.doption of new methods 
of production frequently involves a complete change in farming 
system or a complete change in plant layout in the processing 
industries. The risk associated with these changes often 
19 discourages producers from adopting new practices. 
Crop protection measures are also needed in increasing 
agricultural productivity. The increased yields obtained 
through the use of improved varieties, fertilizers and 
irrigation are in danger of being wiped out by pests and 
diseases. The tropical environment which favours the weeds 
which compete for moisture 'ind nutrients. These maladies 
may give rise to serious epidemics. The methods followed by 
the native cultivators are frequently designed to reduce the 
loss of crop from pests and diseases, though they have been 
developed from experience rather than scientific investigation. 
These methods can often be improved upon by legislation, 
breeding and the use of chemicals. 
The object of all control measures is to attack 
the parasite and defend and strengthen the host by the 
20 following, (i) Keeping the pest out by strict plant 
quarantine, (ii) destroying the outbreak, (iii) destroying 
the alternate host plants (iv) rotating annual crops of 
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prevent pest levels building up, (v) biological control by-
introducing insects, fungi or vimses which v/ill attack the 
parasite, (vi) destroying the resources of infection 
"cut and burn", (vii) chemical attack on the parasite, 
(viii) growing the crop at a time unfavourable 'to the pest, 
(ix) breeding resistant varieties, (x) legislation 
restricting the varieties grown to resistant ones, 
(xi) modifying the crop environment such as ttie amount of 
shade, water relationship and soil nutrient status, and 
(xii) applying a protective chemical. 
Due to import of plant material many pests and 
diseases have come out. It is difficult to know whether 
a major pest of one area is absent from another area because 
it has never been introduced or whether it has been introduced 
but has not established itself due to unfavourable conditions. 
Too frequent cropping of a soil with the same crop can lead 
to a serious build up of a plant pest. In planning the 
rotation, the alternative crops should not be host to the 
pest. The diseased material should be pruned from the 
trees, infected fruits collected where possible and burnt 
or buried^ After diseased material, the most important 
pest reservoir is the soil. Sterilization or partial 
sterilization of the soil is usually out of the question 
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except in nurseries and seedbeds. Infected soils on shoes 
and implements is a further source of re-infection. 
If a crop can be grown the v/hole year round either 
because the rainfall is suitable or irrigation is practiced, 
a continuous source of infection is provided, A crop 
grown at the time of the year most suitable to its 
continued active growth will normally be more resistant 
to pests and diseases than a crop struggling against 
adverse conditions. The selection or breeding of crop 
varieties resistant to the important pests and diseases 
would be an ideal method or control. During the breeding 
of a variety resistant to one pathegen, the resistance 
which existed in the cultivated variety may be lost and 
an unimportant disease may be elevated. Resistant varieties 
are only of use in perennial cjrops when replanting or 
improving by grafting, and thus are mainly applicable to 
annuals and short term perennials. 
If all the factors relating to the balance between 
the crop and pest were know it would be possible in many 
cases to avoid a large proportion of the crop loss by 
modifying the plant environment. The majority of crops 
growing under fertile conditions with adequate moisture 
will often survive a pest or disease out break and yield a 
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fair crop. Balanced fertilizer application i£3 more inclined 
to protect a crop from attack than make it more susceptible. 
When an invasion by a fungus or an insect is anticipated, 
the crop can sometimes be protected by spraying, and the 
invasion is prevented from getting into the crcp. This 
applies to systematic insecticides but more particularly to 
fungicides, v/here copper, the main fungicide used in tropics, 
acts as a crop protectant. 
Rairing agricultural productivity, however, is not 
only a technical determinants. It is no less, a social and 
economic problem, and also a problem of organization. The 
principal block is not the lack of technical knowledge, but 
the problem of transmitting that knowledge to millions of 
uneducated and often illiterate farmers, and perhaps still 
more of creating an environment which will enable them to 
21 put it into practice. The influence of land tenure systems 
is often pver riding not only questions of ownership, ^ vhich 
relate particularly "to incentives to use improved technology, 
but also the frequently small and scattered nature of 
holdings, which greatly hampers the introduction of rotation, 
crop protection measures, and machinery. These small 
holdings lead to great wate of time, labour and cattle power, 
difficulty in proper utilization of irrigation facilities, 
wastage of crops in the absence of fencing etc. Other 
institutional factors include the poverty and lack of education 
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of farmer, and the orientation of production primarily to 
the subsistence of the producers and their families rather 
than to commercial production. 
Extension services M^ ill have a crucial role to 
play in helping farmers to avoid failures resulting from 
the use of the wrong plant variety, new pests and diseases 
and incorrect methods of sowing or fertilization. Therefore, 
it is essential that there should been effective agricultural 
extension service, with a suitable organization, an adequately 
trained staff, sufficient equipment, and facilities for 
mobility. It is necessary to intensify applied research 
work in raising the agricultural productivity. It should 
be conducted in the ecological, economic and social context 
of the region. Research services will help in selecting the 
most suitable varieties for local conditions and in 
controlling pests and diseases. A national agricultural 
research programme should be established with clearly defined 
priorities based both on the immediate problems of farmers 
and on long term requirements for agricultural development. 
Credit facilities should be expanded in order to 
purchase different inputs. Particularly attention also needs 
to be given to price relations and other factors influencing 
the farmers incentive to purchase inputs in order to raise 
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his production and sales. The problems of input supply, 
credit, marketing, and storage can be met by cooperatives or 
other organizations. The need for effective organizations 
of these or other appropriate kinds is likely to increase as 
the use of modern technology becomes more widespread. 
The Determinants of Agricultural Productivity 
in Bundelkhand 
Level of agricultural productivity depend upon 
various factors. These factors can be grouped into three 
broad categories: the environmental institutional and 
technological. In order to examine the causes of variations 
in agricultural productivity, and to make a comparison of 
productivity with that of selected factors, it would be 
helpful to select a suitable statistical technique. 
(a) Nature of the Variables 
In order to take a cause and affect analysis, certain 
variables, one dependant and 10 independant were considered 
(Table 12). Among the selected variables, variable 1 stands 
for agricultural output in terms of productivity yield Index 
variable 2 indicate the resources inputs relating to the 
irrigation through canal, tubewell and other resources. 
Variable 3 indicates consumption of chemical fertilizers (N"1K). 
The variable 4 relates to number of Meston ploughs per 1000 
hectares, variable 5 is the number of Harrows and cultivators 
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per 1000 hectares. The variable 6 is from technological 
per 1000 hectares. The variable 6 is from technological 
side i.e. number of per 1000. hectares of land. Variable 7 
for the agricultural population in percentage. Variable 8 
relates to the institutional aspects i.e. percentage of 
literate population. Variable 9 stands for the quality of 
soil-'rating of soil index'. The variable 10 represents 
the environmental characteristics, i.e. the amount of rainfall 
in cm. The variable 11 refers to the land holdings. 
(b) Choice of a Production Function 
The agricultural production function relationships 
can be examined by specifying a particular production (output 
per hectare) to the traditional inputs such as labour, 
improved ploughs and irrigation and the modern inputs as 
fertilizers, tractors, pesticides etc. Among the various 
types of production the Cobb-Douglas type of functions enjoys 
a much wider application. It is a linear logorithms, and 
can be written in the following general form: 
_ ^ c d V 
1^ - Ax^ x^ x^ x"^  
Taking logorithm of the above equation, the same equation 
takes the form of a linear equation, and can be written as: 
log Y. = log A + b log x„ f c log x_ X 
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The important advantages of this type of function 
are two folds; firstly, the coefficients of function are 
equal to the elasticities of production/productivity with 
respect to different inputs. For instance, b, c, d, y 
in the above equation are the elasticities of jxrodaction/ 
productivity related to inputs, which can symbolically 
bedefined as input variables in the form of Xp x x^ Xj- x , 
respectively. Secondly, the function makes it possible for 
the principle of dominishlng return to operate within the 
scale. 
Factor Analysis 
It is considered to be a sound technique in assessing 
the role of various factors (as determinants) in agriculture 
because with the help of this technique, the dependant 
variable (productivity) can be explained by selecting a set of 
independant variables. The procedure of factor analysis 
attempts to estimate the value of regression co-efficients 
where the original variables are regressed on the factors. 
These coefficients of regression are known as factor loadings. 
Harman (1f>67)^^ Morrison ( 1967 )^^ Kaiser (1958)^"^ Ahmad (1965)? 
have used this method in their studies. The factor loadings 
can further be processjed by factor rotation which gives a 
set of new factor loading for better explanation. 
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In this analysis eleven variables were considered 
Table 12 and considered suitable Indices of agricultural 
determinants are inter correlated into each other and are 
roted further to form precise and new variates for 
agricultural development of the three major agricultural 
productivity regions of BundelKhand is the study region as a 
whole. The consuinption was performed on the computer 
system VAX 11. 
Determinants of Agricultural Productivity 
in BundelKhand (Entire Region) 
The factor analysis was performed for entire 
Eundellchand taking into consideration 47 development blocks 
of the region. Table 14 indicates a significant inter-
cohesion on first factor (F. ) i.e. the average size of land 
holdings with significant value of loading 0.988, fertilizer 
consumption 0.983, total agricultural population 0.985 and 
number of harrow and cultivators 0.612. Which together 
accounts for 45.17 per cent varience in the total variables 
set. Second factor (F^) has yielded only single variable 
the rainfall, with loading value of 0.863. The second factor 
(F ) accounts 17.05 per cent varience in the total variable 
set. However, the third factor (F^) explained a significant 
loading of 0.872 for the variable of net irrigation. 
Table 1^ 
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Determinants of Agricul tural Productivity In 
Bundelkhand, 1983-8^ 
The Rotated Factor Matrix 
Facto 
h 
X^  P r o d u c t i v i t y • 0.O21 
Index 
Xp Net I r r i g a t e d _Q fy^^ 
Area 
Xo Consumption of 
^ N.P.K. 0.983 
(kg . per h e c t . ) 
Xi Number of Meston 
^ Plough -0 .068 
(per 1000 h e c t . ) 
X(^  Number of Harrow 
•^ and C u l t i v a t o r 0.612 
(per 1000 h e c t . ) 
X/- li'jmbers of 
I r p c t o r s 0.921+ 
(pe r 1000 h e c t . ) 
Xrp Total Agr i cu l -
t u r a l Popula t ion 
( in fo) 0.983 
Xo To ta l L i t e r a t e 
Popula t ion O.O79 
( in %) 
XQ Rating Index 
^ of S o i l -0 .880 
X-jQ R a i n f a l l in cm -0 .196 
X^^ Average Size of 
' Land Holdings O.988 
Variance Explained >^ .„ 
in pe rcen tage •^' ^ 
Cumulative Variance 
Explained in ^5*17 
Percentage 
rs Loading: 
^2 
0.127 
-O.OO7 
-0 .122 
-O.O87 
0.lfl6 
-O.227 
-0 .053 
- 0 . 9 2 ^ 
-0.0lf7 
0.863 
-O.O96 
17.05 
62.22 
^3 
0.6if1 
0.872 
0.0lf3 
0.117 
O.I483 
0.077 
-0 .020 
o.iif3 
0.26U 
0.316 
0.011+ 
II+.69 
77 A l 
0.551 
-0 .199 
-0 .006 
-0 .910 
0.052 
-0.01+9 
O.O89 
-O.O^f.2 
-0 .139 
0.130 
0.001 
11.12 
88.53 
• R2 
0.731 
0.801 
O.98I+ 
0.855 
O.78I+ 
O.91I+ 
0.977 
0.882 
0.867 
0.899 
0.985 
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-The rest of the variables do not emerge as s 
significant owing to a great variation in the blockwise 
u 
statistics in the region. This the rationable for analysing 
the cause and effect type relationship of variables in 
accordance with different productivity regions,lies in the 
fact that the spatial patterns of productivity In different 
regions have been due to different package of variables, 
which may have a direct bearing on the productivity, therefore, 
they were tested in different combinations. 
Determinaints of Agricultural Productivity 
in High Productivity Region 
In the high productivity region the rotated factor 
matrix of the variables selected has been given in Table 15 
which indicates that a "package of variables" have significant 
inter-cohesion in the high productivity region. The first 
factor (?) accounts for 50.263 per cent variance in the total 
variable set. The Input variables on the matrix, showing high 
positive coefficient loadings on the first factors (F^) are 
the proportion of agricultural population, rainfall, 
fertilizer consumption tractor power and number of harrows 
and cultivators. Second factor (?) indicates factor loading 
value of 0.933 for literate population and of 0.851 for 
number of meston plough. The variance explained on F^ is 
25.936 per cent. The third factor with a variance of 12.876 
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Table 15 
Determinants of Agricul tural Productivity in High 
Productivi ty Hegion, 1983-8lf - The Rotated 
Factor Matrix 
Var i ab l e 
^1 
X2 
h 
\ 
^5 
H 
^7 
'h 
h 
h 0 
x -^i 
' / • i r i rnce 3xpla 
in percen tage 
ined 
Comnulative Varianc 
Explained in 
percen tage 
Fac to r s 
^1 
-0 .038 
-O.lBif 
0.970 
0.332 
0.850 
0,91+6 
0.978 
0.022 
-0.955 
-O.IM+ 
0.975 
50.263 
'50.263 
Loadings 
^2 
-0.565 
0.11!+ 
0.201+ 
0.851 
-0.26i+ 
0.285 
0.153 
0.933 
-0.151 
-0 .810 
0.180 
25.936 
76.199 
^ 3 ' 
0.586 
0.910 
-0 .105 
0.021+ 
0.303 
-0 .072 
- 0 . 1 1 0 
0.175 
0.191+ 
0.209 
-0 .110 
12.872 
89.071 
h2 
0.661+ 
0.859 
0.99lf 
0.835 
0.881+ 
0.982 
0.992 
0.902 
0.972 
0.971+ 
0.995 
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per cent does not indicate any positive loading. The total 
commulative variance explained is 77.644 per cent. 
The Determinants of Agricultural Productivity 
in Kedium Productivity Region 
The rotated factor matrix of the variables 
set is given in Table 16 for the medium productivity region. 
The first factor (F.) shows positive coefficient loading 
for three variables: number of meston ploughs (0.794), 
literate population (0.545) and consumption of fertilizer 
(0.526). The first factor (P.; explains or variance of 
26.254 per cent. F_ is also very important explaining 
25.345 per cent variance. Factor loadings on the variables 
are, 0.928 for number of Harrow and cultivator, 0.817 for 
rainfall, 0.660 for net irrigated area and 0.540 for 
fertilizer consumption. The third factor (F,; on the matrix 
does not yield any significant loading. The fourth factor 
(F.; indicate positive loadings in single variable number 
of tractors. The variance of rotated factor matrix in the 
medium productivity region accounts for commulative value 
77.644 per cent. 
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Table 16 
Determinants of Agricul tural Productivi ty in Medium 
Productivity Region, 1983-8lf - The Rotated 
Factor Matrix 
Var i ab l e s 
h 
h 
h 
\ 
^5 
X5 
^ 
^8 
X, 
^10 
^11 
^1 
0.136 
0.k77 
0.526 
0.79k 
-0 .107 
O.OBif 
-0.81+6 
0.51+5 
0.1+05 
-0.181+ 
-0 .735 
Variance i ixplained 
in percentage 26.25^+ 
Fac to r s Loadings 
^2 
0.003 
0.660 
0.51+0 
-O.O85 
0.928 
-0 .067 
0.022 
-0 .576 
0.029 
0.917 
0.111+ 
25.3^5 
^3 
0.817 
-0 .026 
0.157 
-0 .279 
-O.18O 
0.095 
0.037 
-0 .382 
-0 .705 
0.073 
-0 .303 
1I+.II8 
\ 
0.226 
0.296 
0.203 
0.090 
-0.061+ 
0.909 
-0 .029 
0.177 
0.177 
-0 .128 
0.lf6l+ 
11.927 
R2 
0.737 
0.751 
0.631+ 
O.72I+ 
0.909 
0.81+2 
0.719 
O.8O7 
0.691+ 
0.896 
0.860 
Conraulative Variance 
"perLTtage"" 25.2?^ 51.599 65-717 77.6V^ 
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Determinants of Agr icu l tu ra l Product iv i ty In 
Low and Medium Product iv i ty Region"^ 
In the low product iv i ty region, fac to r f i r s t {?.) 
has yielded two va r i ab l e s , namely the percentage of agr icu l tu ra l 
populat ion and average s i z e of land holdings with values of 
0.857 and 0.788 respec t ive ly . The variance explained on f i r s t 
r 
factor (F.; accounts for 26.284 per cent Table 17. The second 
factor with its variance explained of 22.718 per cent is also 
significant. The factor loadings for the variables in order 
of significance are number of Harrow and cultivator (0.904J, 
rainfall (0.859), net irrigated area (0.665;, consumpiton 
of fertilizer (0.507J. However, the third factor (F,) 
*31nce the factor analysis was performed on the package 
programme available with the programme incorporated, the 
computation for almost for all the development Block (47) 
with one dependent and 10 independent variables treating 
the region as a single unit. Further it was desired to 
conduct the analysis for each of the productivity region i.< 
high, medium and low seperately. The analysis performed 
for the two individuals high and mediiim regions was within 
the acceptable unit the programme i.e. the number of 
observations (blocks) should not be less than the number 
of variables. For example the high productivity region 
contained 15 blocks and medium 26 block with constant 
number of variables (11), but in case of low productivity, 
It contained only six blocics which were less in nximber 
as compared to number of variables. 
So in order to avoid this difficulty, the blocks 
with low productivity were merged with the blocKS 
belonging to medium productivity, and subsequently the 
analysis was performed, treating this region as of medium + 
low productivity. 
162 
Table 17 
Determinants of A g r i c u l t u r a l P r o d u c t i v i t y in Lo\/ 
and Iledium P r o d u c t i v i t y Ref:ion, 1983-8'+ -
The Rote ted Fac to r Matrix 
Variables 
^1 
t r 
A2 
^^ 3 
K 
'H 
H 
'h 
j . \ . 0 
:i.j 
h^ 
Fi 
- 0 . 0 8 8 
- 0 . 5 0 9 
- 0 . 2 9 2 
- 0 . 7 5 6 
0.08^f 
- 0 . 0 6 If 
0 .857 
-0.1+01+ 
-O.6O7 
0 .255 
0.788 
F a c t o r s 
^2 
0.091+ 
0 .665 
0.507 
- 0 . 0 2 3 
0.901+ 
- 0 . 0 5 1 
- 0 . 0 0 6 
-0.1+68 
0 .035 
0 .859 
0 .116 
Load ings 
F 
3 
0 .895 
0.091+ 
- 0.1+65 
-0.02lf 
- 0 . 0 2 0 
O.O63 
0 .103 
- 0 . 6 1 6 
- 0 . 2 6 7 
0 .310 
- 0 . 1 1 8 
1^+ 
0 . 1 1 0 
0 .165 
0.038 
0 .182 
-0.0M+ 
0 .933 
- 0 . 0 0 8 
0 .127 
0.21+2 
- 0 . 1 0 3 
O.36O 
R2 
0.829 
0.738 
O.56O 
O.6O5 
0.327 
0 .883 
0.71+1+ 
0 .777 
0 .799 
0 ,909 
0 .777 
V^ri^nce Explai-ned 
in pe rcen tage 26.251+ 22.718 7.372 l 6 . 6 3 l 
Commul-^tive Variance 
<:xpl3ijied in 26.251+ 1+8.972 5^-3^^ 73-025 
percen tage 
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does not explain any significant variable in the set. The 
fourth factor (F.) has yielded a single variable number of 
tractors with a positive value of loadings as 0.933 and total 
commulative variance explained 7 3.025 per cent. 
REGRESSION EQUATIONS 
Lum For different regions of productivity (high, medii 
and low) with combinations of variables and to develop and 
analyse, the Cobb-Douglas production function, the values of 
each input (variable) were converted into logarithms to a 
accumulate the number of variables. Multiple regression of 
Y. on different combinations of the resource inputs were 
computed -which led to the development of Cobb-Doughlas 
Function. The value of the coefficient of net regression, the 
coefficient of multiple regression, the standard error of 
estimate and the standard error of the regression coefficient 
for different productivity regions are given in Table 19. 
Different combination of resource inputs have been denoted 
numerically I to XIi. Function developed through multiple-
ref;ression and tlie values of constants for different sets of 
analysis takes the forms of equation (Table 20). The function 
developed by incorporating the values of inputs for the year 
1983-84. The variables which yielded the significant loadings 
for each productivity regions i.e., high,medium and medium and 
low (Table 15, 16, 17) were tried which gave twelve combinations 
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(I to XII), Table 18. uut of twelve resultant combinations, 
I, iV, V, VIII and X combinations can be considered more 
reliable in the given order of preference. 
The values of the standard error of coefficient 
show that I and X combinations are comparatively significant 
as they have relatively significant as they have relatively 
significant multiple correlation coefficient, and the 
standard errors of coefficient are totally non-existance. 
These combinations contain the variables of fertilizer 
consumption, number of Harrow and cultivator, number of tractors, 
total agricultural population, average size of land holdings. 
Une advantage of this function that in low and 
medium productivity region which has been studied separately. 
The coefficient of the respective function gives the 
elasticities of productivity in respect to each variable, 
assuming that it hold good for other areas and a reasonably 
good relationship is established as (Table 20). 
0.046 -0.035 0.791 
Y^  = 2.203 X^ X^ X^Q 
The above equation shows, that keeping other variable 
constant, if 1 per cent change in net irrigated area (Xp) is 
brought, it will bring a change of 0.046 per cent in the 
low and medium productivity. In the above equation, number 
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of harrow and cultivators {1^) show a negative regression 
coefficient showing, that if 1 per cent of change in X(- is 
brought, that will bring a negative change of 0.055 per cent 
in the net value of the productivity. If the amount of rain 
(X ) occurs normally during the growing perio* of crops 
may bring a change of 0.791 per cent. 
The above equation also indicates, that the most 
sensitive variable from the input side is the net irrigated 
area (Xp), if the proportion of area under irrigated is 
increased by 1 per cent, it can be possible to increase the 
productivity in low and medium productivity regions. Although 
the rainfall (X.Q) is sensitive but it is beyong the limits 
of human control. 
As there exists a sizeable number of harrow and 
cultivator in the agricultural operations, that is why the 
variable (Xn) has yielded a negative regression coefficient 
with -0.035 elasticity. It means, that their increase in 
numbers (the future) in agricultural operations may bring a 
negative change in productivity. As regards the optimal 
utilization of available resources for a balanced growth of 
productivity. The growth of productivity depends upon various 
economic factors which are responsible for variations in the 
cost of inputs and a decision making model incorporating the 
sensitivity of respective input parametres is needed. 
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A model of relationship developed between the level 
of productivity and various input factors revealed the 
significant result, if the other input factors are kept 
constant, a 1 per cent change in the respective input variable 
would result the following changes (negative or .positive) in 
low and medium productivity regions; 
(1) 1 per cent change in the net irrigated area (percentage) 
would bring a positive change of 0.046 per cent in 
productivity index. 
(2) 1 per cent change of the harrows and cultivator ploughs 
per 1000 hectares would bring a negative change of 
-0.035 per cent in the productivity, and, 
(3) 1 per cent change of rainfall (if occurs normally) would 
bring a positive change of 0.791 per cent in productivity 
index., 
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In the state of Uttar Pradesh agriculture is a 
dominating occupation, where the measurement of productivity 
is of great importance. With the growth of population at 
the rate of about 5.71 per cent per annum (1981 census), 
r 
the measurement of agricultural productivity will not only 
be help ful in exhibiting regional, differences but to bring 
out the factors responsible for the variations. It is also 
imperatives to find out the methods, by which production 
and productivity can be increased to feed the growing 
millions. The food and associated agricultural problems of 
Uttar Pradesh are thus enter related and are results of the 
inter-relation of various factors, like better seeds, (HYV) 
fertilizer consumption, technological gap in agriculture, 
tenancy, poor facility of irrigation, researches and extension, 
lack of capital to finance agriculture so as to improve the 
inputs/output ratio. Thus the variations in the levels of 
productivity have resulted in inadequacy of food supplies. 
The variations and imbalances in productivity are 
wide in Uttar Pradesh. The Bundelkhand is backward 
comparatively to the western Uttar Pradesh and Ganga-Yamuna 
Doab regions. Experiments carried out recently in different 
areas of state reveals that productivity can substantially 
be increased by bridging the technological and other gaps 
existing in agriculture. 
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In this work the first part is devoted to evaluate 
the general environmental conditions. With the study of 
climatic characteristics, one thing is clear, that 
Bundelkhand forming a part of the junction of southern plateau 
and indo-Gangetic plain the temperature conditions are 
extream. Soil is of poor fertility, characterised by the 
deficiency of nitrogen. These factors responsible for low 
productivity in BundelKhand. 
Further an attempt is made to examine the extent 
of area, and level of productivity considering thirteen 
major crops group sed into cereals, pulses, oilseeds and 
cash crops. 
The regional pattern of agricultural productivity 
were examined by computing the index by crop yield index 
method for the year 1983-84. The largest area occupied by 
the cereal crops, among them wheat was a dominating crop. 
Out of total cultivated area under cereals wheat occupied 
50 per cent. However, in the high productivity region the 
share of cereals was 27 per cent and in medium productivity 
region 40 per cent. The cultivation of pulses was also 
important in BundelKhand as they occupied an area of from 
30 to 6o per cent, out of which gram occupied 50 per cent of 
the area in most of the blocks, where as in other blocks its 
share exceeded more than 50 per cent. 
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The present study is restricted in the sense, that 
the statistical informations were collected from official 
sources. Most of the informations needed in the form of 
selected variables were meagre. 
t 
Whatever, the informations weK; available to from 
them as determinants they were corporated to undertake factor 
analysis and regression analysis. Some interesting and 
relivent result have emerged. A Cobb-Douglas type of function 
was developed to ascertain a input-output relationship. This 
function gave a relationship between the productivity and 
set of number of factors which may cause spatial variations 
in productivity. The relation revealed significant results, 
net irrigated area, use of harrow and cultivator ploughs and 
the rainfall. The Cobb-Douglas function revealed the 
following sensitivities on the variables. 
Keeping other input factor constant 1 per cent 
change in respective variable will result in the following. 
(1) 1 per cent change in the net irrigated area would 
bring a positive change of +0.046 per cent in productivity. 
(2) 1 per cent of change in harrow and cultivator ploughs 
per 1000 hectare would bring negative change of -0.035 
per cent in productivity index. 
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(3) 1 per cent change of rainfall would bring a positive 
change of +0.791 per cent in productivity index. 
0.046 -U.035 0.791 
Y^ = 2.203 X^ X^ X^Q 
The above equation shows that keeping other variables 
constant, if 1 per cent change in net irrigated area is 
brought, we can anticipate a change of 0.046 per cent in 
productivity index in low productivity regions. Harrow and 
cultivator (X^) resulted in a negative regression coefficient 
which shows, that 1 per cent change in the ut.e of harrow and 
cultivator plough per 1u00 hectares will bring a change 
(-0.035 per cent) m the net value of the productivity. 
Again 1 per cent change in the rainfall (if occurs normally; 
would bring a positive change of 0.791 per cent in the 
productivity index. 
New technology based on research and extension 
services, credits, land reforms measures and other incentives 
are also very essential for revolutionized agriculture. The 
future of agriculture in the BundelKhand region, however, 
depends on the ability to sustain the revolution with 
realistic planning and the development of infrastracture. The 
possess immense potentialities for the agricultural 
development. 
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